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ANNEX A
TANK SURVEY RESULTS AND CALCULATIONS

A.  INTRODUCTION

This annex contains all of the detailed information from the Tank
Gunnery Questionnaire: Paragraph 2 contains the detailed responses as well
as plots of the data showing key results, PRaragraph-3-presents the method-
ology used in estimating total ammunition usage for a change in the alloca-
tion of ammunition; ~~”Paragraph 4 presents- the statistical methods to be
used in analyzing the hard data collected in the test program proposed in
Chapter -111, Section 3 of the main body of the repor%a Tab A-1 provides a
copy of the Tank Gunnery Questionnaire. \

B.  SURVEY RESULTS

Figures A-1 through A-13 summarize some of the key findings from the
questionnaire. Figures A-1 through A-6 present the data on the test of
changes in the application of full caliber ammunition. Figures A-1, A-2,
A-3 and A-4 present the proportion of crews in each of four categories:
distinguished, superior, qualified and unqualified. Figure A-5 shows the
number of crews in the total qualified category (distinguished, superior,
and qualified). Summary data in the form of maximum, minimum, mean and
standard deviation values are shown in Figure A-6. The effects of using
subcaliber ammunition as a substitute for full caliber and the use of pre-
table simulation are shown in Figures A-7 through A-9.

A1l of the data shown in Figures A-1 through A-9 demonstrate the lack
of agreement among experts in the Marine Corps on the standards for tank
gunnery and on the proficiency of the crews. The standard deviation lines
on curves are very close to the maximum and minimum values of the data,
demcrstrating the even distribution of data across the range of values
giver. The detailed plots, such as found in Figures A-1 through A-4, show
that there is more consistency in the slopes of the curve. This means that
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Crews Rated "Distinguished" as a Function of
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there is more agreement on the effects of changing the level of ammunition
provided.

The effects on crew qualification of turbulence and the frequency of

training are shown in Figures A-10 and A-11, respectively. The data vary
widely in magnitude but show some consistency in the amount of change in
the proportion of crews qualifying with increasing turnover and increasing
time between training events. Platoon results are very similar to crew
results, as shown by Figure A-12. There is wide variation in the data
estimates but not in the proportion of those who qualify in relation to the
amount of ammunition allocated. Turbulence effects and the effects of fre-
quency of training are shown for platoons in Figures A-13 and A-14.

A1l of the data presented in Figures A-1 through A-14 are for crews
and platoons qualifying for the first time. The questionnaire also asked
for information on crews and platoons which qualified the preceding year.
Figure A-15 presents a sample result for such crews. The proportion
expected to qualify is higher, reflecting the greater experience of these
Crews.

C. AMMUNITION USAGE

This paragraph presents the methodology for computing total ammunition
requirements for the reshoot training concept presented in Chapter III,
Section B. The procedure involves reducing the initial allocation of
ammunition and then providing the crews and platoons that failed their
first attempt as much additional ammunition as they need to qualify. The
computation produces an estimate of factor or multiple of the basic ammuni-
ticn allocation required for this training concept. The equation used is
as follews:

F= (1 + UR) Af
where F = Factor of basic ammunition allocation;
Qr = the proportion of crews in the total qualified category
(superior, distinguished and qualified);
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proportion of unqualified crews;

o C
"

the average number of reshoots needed by a crew to qualify after
it fails its first attempt;
AfF = basic allocation of full caliber ammunition.

This equation was used in the development of the data shown in Fig-
ures A-16, A-17, and A-18 for a reduction in the basic allocation of full
caliber ammunition and no substituion of subcaliber. The three figures

differ in the estimate of the number of retries needed before a crew S
finally qualifies after failing in its first attempt. All three figures -
show a continued reduction in the total amount of ammunition required as ‘ b
the initial allocation to each crew is reduced. Figure A-19 shows the same i
result with the substitution of subcaliber for full caliber ammunition.
Platoon results are shown in Figure A-20 for full caliber and in Fig- -
ure A-21 for subcaliber substitutions.

These results are based on subjective estimates of the respondents to
the questionnaire. It is necessary to collect the hard data suggested in
the test plan to validate the conclusions reached on the basis of the —— ;;;4
analysis presented in this report. - -

D. METHODOLOGY FOR ASSESSMENT OF FACTORS INFLUENCING AMMUNITION REQUIRE- L :
MENTS IR

This paragraph offers suggestions for analysis of the data that might
be collected from a test. A brief statement is provided on the type of
descriptive statistics and data organization required, as well as an '
overview of inferential statistics. The sample in the proposed test will I
consist of the total population of 210 USMC tank crews. These crews are '
comprised of individuals with varying degrees of military experience. The
210 tank <crews are organized into 36 platoons of five tanks each,
12 company command elements of two tanks each, and three battalion command Lo
elements of two tanks each. Ammunition allocations can range from the -
current full caliber allocation to 1s low as 1/3 the current full caliber
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allocation. Simulations can be used for zero to 90 percent of pre-table
training. Individual tank crews require different training according to
organization and mission, and whether they are in pre-deployment, post-
i deployment or afloat status. All of the above considerations must be taken
: into account in the analytic design of the test.
The data on performance will be obtained annually for one quali-
fication test or test sequence (the latter for initial non-qualifiers] and
' ’ for the total population of all 210 USMC tank crews. Measures to controi
' extraneous variables (e.g., simulation, differences in training, and levels
of crew experience) are not suggested due to the nature of present USMC
qualification programs. Modification of qualifying procedures in order to
I ' reduce these confounding variables during the experimental condition could
bias the results by making the experimental trials significantly different
from prior test trials. Testing the entire population helps compensate for
this design problem.

The Marine Corps will determine qualification standards and evaluation
procedures including a data collection form. This form (i.e., the training
profile) should facilitate the categorizing of raw data in the following
manner:

Ammunition Use and Proficiency

% MAXIMUM ANNUAL AMMO USED SIMULATICN
. PLT. CREW SCORE Live SUB- TYPE/# EVENTS
I Rounds Caliber

®; .0

-,
1
"
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(2) Chronology of Events for Platoons

Platoon

EVENT CREW DATE
Table VI 2 11/23/83
Table IV (M55) ] 12/03/83

The remainder of this paragraph provides considerations for the selec-
tion of an appropriate inferential technique for data analysis. Ideally, a
pilot study should be conducted to determine which methods are best suited
to the sample and population. The need to make an early determination of
Marine Corps ammunition requirements overrides this consideration, so the
choice of method will have to be made on the basis of the data collected
during the test.

The analysts responsible for processing the data may consider a number
of inferential approaches, such as Factor Analysis, Analysis of Variance
(ANOVA), Multiple-classification Analysis of Variance (MANOVA), Regression
Analysis, etc. Several alternative approaches are discussed briefly below.
The selection of an approach is a function of USMC R&D resources (hardware,
software, data collection procedures, etc.) as well as the characteristics
of the test itself. The Marine Corps, therefore, should decide which
statistical tool will yield research results in a manner which best meets
test objectives.

Factor Analysis manipulates a number of variables in order to
ascertain underlying traits (factors) identified by a collection of inter-
correlations. Factor Analysis is frequently applied in the field of test
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construction whereby clusters of measures (tests), containing high corre-

lations with a factor, are associated with that factor. Factor Analysis

may, therefore, be less applicable for the proposed test.

ANOVA and MANQVA test for mean differences between groups by computing
the variances for these groups. Scores are artifically combined into a
total group and comparisons are made between the sub-groups and the total
group. In this case, the groups might reflect mission and organization.
MANOVA should be considered for the present study. It is highly sensitive
to subtle interactions among variables.

Multiple Regression Analysis is based upon the requirements that: . (1)
the variances in x values for any given y should be comparable, and (2) the
spread of y scores for individually considered values of x should be equal.
Regression Analysis also assumes that the values of y for given values of
x are distributed normally. When the above assumptions underlying the use
of Regression Analysis have been met, this treatment is highly sensitive to
subtle interactions such as might be found between mission and turbulance.
Communality Analysis, a system of Regression Analysis whereby residuals are
subtracted in the Regression equation, may also be considered as a possible
research tool. This might enable, for example, isolation of the effect of
sub-caliber substitution.

Based on the study group's understanding of the test objective and
data variables, it is recommended that MANOVA be considered the preferred
alternative for the analysis tool for the proposed test. There are tiwo
principal reasons: first, the test design and the statistical assumptions
requisite to MANOVA are compatible; in addition, the inferential capabili-
ties of this technique would enable the analysis to focus on the role of
fuil’l caliber amm:nition.
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ANNEX B
DEVELOPMENT OF THE INDIRECT-FIRE METHODOLOGY
AND THE ANALYSIS OF QUESTIONNAIRES

The purpose of this annex is to display a methodology which relates
the amount of training a Battery receives to the "proficiency" of that
Battery. The approach used here is to construct two mathematical models of
proficiency: The first model relates the training of individual battery
elements - the Forward Observer (FO), the Fire Direction Center (FDC), and
the Howitzer Gun Crew (GC) - to the individual proficiency of that element's
crew, The second model integrates the individual element proficiencies to¢
produce the overall Battery proficiency.

Both models state proficiency in terms of the Marine Corps Combat
Readiness Evaluation System (MCCRES) standards. However, in the case of
the element proficiency model, these standards are a matter of interpreta-
tion, whereas in the Battery proficiency model, the MCCRES standards are
embedded in the mission analyses which constitute this model. Neverthe-
less, when either model predicts a proficiency of 85 percent at a particu-
lar time, it means that the element, or Battery, would score 85 percent, on
the average. during a MCCRES evaluation given at that time.

This annex is divided into two parts. The first part develops the
element proficiency model and fits it to subjective data. The second part
develops the Battery proficiency model and fits it to subjective cdate
linking elements' proficiency to Battery proficiency. Four tabs contain
detailed information supporting the work on model development and fit.
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PART I
THE ELEMENT PROFICIENCY MODEL

A.  INTRODUCTION TO THE ELEMENT PROFICIENCY MODEL

The purpose of Part I is to describe a training model for crews
manning crew-served weapons. The objective of this model is to predict the
“combat readiness" of the crew at any desired instant of time. The concept
of "combat readiness" or "proficiency" is taken with reference to the
MCCRES standards. That is, when the model predicts a proficiency of
85 percent for a particular crew at a particular time, the crew would score
85 percent, on the average, during a MCCRES evaluation given at that time.

This model also incorporates two effects not present in typical
learning models. These effects reflect two types of "unlearning". The
first effect is that of "forgetting", which we interpret to produce a
measurable decrease in proficiency due to a cessation of training. The
second effect is that of "turbulence", which we interpret to produce a
measurable decrease in proficiency due to the replacement of team-trained
crew members by individually skilled but new members of the crew.

This model is based upon a fundamental assumption concerning the
application of current- learning theory to crews: namely, that a crew
learning a complex procedural task will learn in the same fashion as a
single person learning the same task. The primary support for this assump-
tion comes from two papers concerning task complexity and task organization
by Naylor and Briggs (see reference (1) - 1963 and (2) - 1965). We quote
from reference (3) - 1968, an Industrial Psychology text by Blum and
Naylor: (underline added for emphasis)

"Tc the extent that task organization in an individual
task represents a dimension identical to the team
organization concept, data obtained from part versus
whole research should prove to be a rich source of
information for developing potential hypotheses about
multi-man (team) tasks. Consider, for example, the
Naylor and Briggs part-whole studies (1962-1963), which
dealt with the advantages of whole task versus part
task training for individuals as a function of task

B-2

—




B Meuae Sren Shen Jnuar A ——— —r T - p— — "y P —— -

.
[

organization and complexity. One might view these
studies as being analogous to a multi-man (team)
training situation: The training on individual task

dimensions is similar tc individual training of team
members, and the whole task training of Naylor and
Briggs was similar to 'team" training in a multi-man
task. Naylor and Briggs manipulated task organizaton
in their study by varying the amount of information
which tied together two task dimensions. This defini-
tion of organization would certainly seem compatible to
that typically used in a team situation of defining
organization in terms of communication or information
channels available between team members."

To complete this thought, we note that the recommendation of refer-
ence (3) is consistent with the recommendation of an earlier paper by Gagne
(reference (4) - 1962) titled “Military Training and Principles of
Learning". We continue to quote Blum and Naylor:

“The 1963 Naylor and Briggs study indicated that for
tasks of high organization, whole training appears to
be most efficient regardless of task complexity; for
tasks of relatively low (moderate) organizaton, whole
training is best for tasks of low complexity but part
training is best if the task is quite complex.
Carrying this interaction over into the multi-man situ-
ation, it could therefore be hypothesized that for
those tasks which are highly organized and which
require a great deal of communication and cooperation
between members, it would be best to employ team
training. With tasks which only place low or moderate
communication demands on team members, team training
would be best if the subtasks are fairly simple, but
individual training would be best if the subtasks are
quite complex."

In this annex we make no recommendations concerning the organization
cr methods of training. We simply propose a model whose purpose is to
relate the proficiency of a crew to the number of "training events" experi-
enced by that crew. In this context, a "training event" will be some
sotiena: firings for example, one to two live-fire days) conducted uncer
current procedures, and relatable to measurable performance in MCCRES tests
or 2 subjective evaluation of measurable performance in MCCRES tests.

The remaincer of this part is divided into four sections. The first

is an cverview cof references we craw upon, The second presents "%ne
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learning model." The third describes forgetting, turbulence, and their

effect on the Element Proficiency Model. The fourth provides the data

analysis and some results. Let's first look over available reference
material. ’

B. THE LITERATURE SURVEY ON LEARNING

As the BDM memorandum (reference (5) - 1982) points out, there is
little help in the military training literature to support a learning model
for crew training. Thus, we have concentrated on the open literature.

In the open literature our focus has been on industrial training. In
particular, we found two volumes on Industrial Psychology which have a
quantitative approach: Blum and Naylor (reference (3) - 1968), and
McCormick and Tiffin (reference (6) - 1964). Both of these texts had
informative chapters on training and had references from which we began our
investigation.

From this initial set of references we tracked many papers on learning
theory, some on forgetting (retention), and a few on team training. We
will cite specific references in the technical sections to follow. We also
found two texts on mathematical psychology: Coombs, Dawes and Tversky,
(reference (7) - 1970),- and Restle and Greeno (reference (8) - 1970). We
used these mathematical text's chapters on learning theory to cross-check
and embellish our original finds. As an aside, we discovered that a
reasonable amount of training investigation was performed in the early
sixties sponsored by the U.S. Naval Training Devices Center. We did not
gather this work since we felt it would not add to our understanding of
training models.

As a result of this tracing backwards, we reviewed the literature
prior to 1974, In particular, we found several good review volumes:
“Psychology: A Study of a Science" (reference (9) - 1959) and "Readings in
Mathematical Psychology" (reference (10) - 1963). These volumes contain

reprints of influential papers. Also, we found one excellent survey
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article: "Research and Theory on the Learning of Probabilities" (refer-
ence (11) - 1972).

At the same time we researched the Operation Reseach (ORSA) and the
Management Science (TIMS) Journals. We were disappointed to find only
three practical applications of learning theory. These were from reference
(12) - 1961: "Analytical Methods for Determination of Training Device
Requirements”; reference (13) - 1961: "A Model for Industrial Learning
Cost" (a good one); and reference (14) - 1976. ‘“Aggregate Planning with
Learning Curve Productivity". References (13) and (14) are empirical
studies that support the classical shape of learning curves, geometric/
exponential increasing curves up to an asymptote.

A quick survey of the mathematical 1literature turned up two quite
useful books: reference (15) - 1955: “"Stochastic Models of Learning", and
reference (16) - 1977: “"Urn Models and Their Application". The reference
lists in these two volumes failed to add to our sources.

Finally, we scoured the Social Sciences Index from April 1974 to June
1982 under the topics of: learning, industrial psychology, mathematical
models, employee training, occupational training, and statistical
decisions. These led us to reference the following journals: Training and
Development, American Psychologist, Experimental Psychology, American
Journal of Psychology, Behavioral Research and Therapy, Applied Psychology,
Mathematical Psychology, and Experimental Analysis of Behavior. We
uncovered one good survey article, reference (17) - 1980: “Psychology of
Learning, 1960-1980", but little else of direct applicability.

In our research we uncovered two significant papers from the Factory
Journal concerned with the industrial application of learning curves:
reference (18) - 1943: "How to Figure Learning Time", and reference (19) -
1950: "Learning Curves Will Tell You Who's Worth Training and Who Isn't".
These papers were direct, supported the classic learning curve shape, and
showed an immediate useful applicaton.

The next section will derive the classic learning curves shape from
the currently accepted discrete stochastic mode) of learning.
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C. THE LEARNING MODEL

The development of quantitative relationships between the amount of
“training" activity and the acquisition of "skill" seems to have taken
place in three stages. There is the early "deterministic" models stage.
There is the later "probabilistic" models stage. And finally the "polished
probabilistic” models stage. Let's now discsuss these.

There is the early work by Thurstone on the acquisition of typing
speed in 1919 (reference (20)) and his more general theoretical discussion
in 1930 (reference (21)). These works represent "learning" by an accumula-
tion-of-habits model which connects "practice" to "attainment". This work
was generalized by Gulliksen in 1934 (reference (22)) who provided separate
parameters for the effects of “reward" on a correct response and "punish-
ment" on an incorrect response.

At the same time, the first books on learning were being published by
Guthrie (reference (23) - 1931) and Skinner (reference (24) - 1930).
However, the first major attempt at formulating a general quantitative
theory of learning was by Hull (reference (25) - 1943) who formulated a
deterministic ‘"growth" model describing the "growth" of habit and a
corresponding “decay" of inhibition. We quote from W.K. Estes in
reference (9):

"Learning was to be represented by the growth and decay
of two hypothetical entities, habit strength and inhi-
bition. Specifically, it was assumed that for any
fixed set of conditions, each reinforcement produces a
definite, predictable increment in habit strength, the
increments summating to an exponential growth curve
over a series of trials, and that each response evoca-
tion produces a definite, predictable increment in
inhibition, the total amount of inhibition decaying as
an exponential function of time following the response.
A simple growth and decay model was clearly inadequate,
however, to cope with the observed variability of
behavior, and Hull supplemented it by postulating an
autonomous oscillatory process which permitted the
effective excitatory strength of a response to vary
from moment to moment around the mean value determined
by such independent variables as preceding reinforce-
ments."
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The “natural" second stage of the development of learning theory

recast the theory into probabilistic form. There is the work of Mueller
(reference (26) - 1950) who used a Poisson model to measure conditioning.
There is the work of Miller and Frick in (reference (27) - 1949) applying
information theory to operant behavior. But the two most lasting ideas in
the probabilistic models of learning theory orginated from 1) a sequence of
papers and a book by Bush and Mosteller starting in reference (28) -1951,
reference (29) - 1953, and (the book) reference (15) - 1955; and 2) a paper
by Estes (reference (30) - 1950), following on papers by Guthrie (refer-
ence (31) - 1946) and by Guttman and Estes (reference (32) - 1949) which
indicated how probabilty is needed to explain the variation in learning
between individuals. Estes followed his 1950 paper by joint applied work
in references (33) and (34), both in 1954. Both the developments of Estes
and Bush/Mosteller view the underlying nature of learning the same way.
They differ only in their emphasis as to what is crucial in making the
structure work.

A compact description of this common structure can be found in refer-
ence (7):

"The process is conceived of as a sequence of discrete
trials. Each trial consists of the presentation of a
stimulus situation to which the subject responds by
selecting one from a set of alternative responses in
accordance with an associated set of probabilities; the
response is followed by an outcome, which may induce
changes in the probability values before the next
trial."

The Bush and Mosteller approach has come to be known as the Operator
Model while the Estes approach has come to bhe known as the State Model.
Scth models, in spite of this difference, yield the same final quantitative
ferm of the expected skill attainment.

The reason they yield the same quantitative form is that they are both
"replacement” models in contrast tc the early works which were "accumula-
tion" models. In accumulation models, learning is modeled as increasing

(to infinity) accumulation of good habits. Replacement models take the

B-7

A e _— o ke e il & & PR G s

i




- . . . ~—wr — — i e — - =

view that the nature of learning is to replace wrong tendencies with right
tendencies, replace bad habits with good habits.

Estes formulation built this exchange about the stimu]us-response-

association theory of Guthrie (reference (31) - 1946) and has now come to
be known as stimulus sampling theory. In this formulation, and we quote
reference (7) again,

“Stimuli are conceived as a set of elements or compon-

ents, left undefined. Each stimulus element is assumed

to be associated with exactly one response. The

presence (effectiveness) of a stimulus element on a

trial affects the probability of the associated

response being selected on that trial. A reinforcing

event is one that affects the associations between

stimulus components and responses."”

The Bush and Mosteller approach makes no such "causal" connections
between concepts such as stimulus, response, association, and reinforce-
ment. Rather, they specify certain analytic assumptions concerning 1) the
Markov property, that is, the probability of any response on the next trial
depends only on its probability at the preceding trial and the event that
occurred: and 2) the independence condition of combining "response"
classes, that is the partitioning into discrete alternatives is not unique
and the experimenter can define them either before or after the experiment
and achieve the same prebabilities.

On the whole, we can best demonstrate the "linear stochastic theory"
by using an "urn model" description. An "urn model" description can be
found in reference (8) which reference (16) borrows. For our application
we can describe the connection between practice and skill acquisiticn as
follows (based on reference (16)). A subject (crew) in a learning situa-
tion is regarded as being associated with an urn containing gold and red
palls. A subject whose urn contains all gold balls can be interpreted as
100 percent proficient.

Accor1ing to the "replacement” idea, the total number of balls in the
subject's urn is always fixed, say at m balls. The simple replacement
Jearning process consists of selecting some fixed number of balls, say k,
from the subject's urn at random and replacing them with all gold balls (if
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learning is imperfect, the replacement could come from an infinite store of
mixed gold and red balls from which k are removed at random).

We can describe the expected contents of the urn after any training
event as follows. Let G and R, be the number of gold and red balls in the
urn respectively (Gn + R, = m), at stage n. Then after the n+lst training
event we have the following expected value:

- -k
ElGyq 16,] = 6, (1-2) *k, (1
so that

E(6 ;] = E[G_1(1- &) + k. (2)

n+l

That 1is, with Gy gold balls in the urn, we expect to remove kGp/m gold
balls at stage n+l, and then add back k gold balls to the urn at stage n+l.

Let
Gn
Pn W probability of a correct response (skill level)
k
0 = = the proportion of balls sampled from the urn

during training.

Then equation (1) translates into

E[Ph+iiPnl = Pa(1-6) + 0, (3)
which working back to P, yields
E(Pr+1] = (Po-l)(l-e)n+] + 1. (4)

Thus, as training continues, the subject's proficiency goes to unity.
Equations (2) and (3) are of linear form. This form lends itself to the
name Linear Stochastic Learning Theory.

About the same time as development of the linear models of Estes and
Bush/Mosteller, there were also introduced some "non-linear" models. For
example see Luce's £ model (reference (35) -1959) and Audley-Jonckheere
(references (36) - 1956, (37) -1957, and (38) - 1958). A comparison of the
"goodness-of-fit" of the linear model with these non-linear models can be
found in Restle and Greeno's book (reference (8)). The comparisons there
show a distinctly better performance overall for the linear models.

B-9




The final stage of evolution of linear stochastic learning theory was
inspired by Estes (reference (39) - 1959, already cited in reference (9))
when he considered the stimulus sampling theory in the special case of one
stimulus component. This development is important because the underlying
psychological assumptions lend themselves to the application of 1linear
stochastic learning theory to groups of individuals. This “"small-element"”
l or "all-or-none" model was developed by Bower in 1961 and 1962 (refer-
ences (40) and (41)), with favorable results for “paired-associate"
memorizing, and then by Suppes and Ginsberg (reference (42) - 1963) and
' Atkinson and Crother (reference (43) - 1964) with less favorable results.
l These less favorable applications, however, seem to deal with multiple
stimulus items.

The "all-or-none" model, in its simplest form can be described as
follows. A single stimulus element is in one of two conditioning states -
either it is trained (T) or untrained (T). On any reinforced trial, an
element in state T has probability ¢ of transiting to state T. The value ¢
is trial-independent and once in state T one stays in state T. Finally,
and as a new idea, the probability of observing a correct response has
value 1 in state T while it has value g (guessing probability) in state T.
This theory separates the state of the learner from our observations of the
state of the learner, .and thus falls into the mainstream of the state/
observable approach in scientific enquiry.

From this simple model description, the probability of a correct

response on the nth trial, P , can be written as

Pn = Pr(Ty) + g+ Pr (Tp) (5)
where T, represents being in the trained state at the nth trial and T, the
untrained state. Equation (5) holds because in state T the correct
response occurs with probability one, while in state T the correct response
occurs with probability g. Furthermore, assuming P(To) = 1, the independ-

ence assumption for learning implies,

Pr(Ty) = (1-c)P, L
and (6) -

Pr(Th) = 1-Pr(T,) .

.......
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Thus, equations (5) and (6) imply
Pn = 1-(1-g)(1-¢)", (7)
which is identical to equation (4) in form.

Although equation (4) and (7) have the same form, there are differ-
ences in the two theories which occur when we calculate variances. These
occur because an incorrect response in the original linear model is
independent from trial to trial, whereas in the all-or-none "linear" mode!
such incorrect responses are highly dependent. However, these issues will
not concern us here, as we are satisfied by the linear learning form.

Nevertheless, with a view to our application, we can interpret (4) as
a "mass action" effect of (7). To see this, regard all-or-none learning of
one trait to be represented as an “"urn model" with one ball in the urn. It
is either a red ball (untrained trait) or a gold ball (a trained trait).
Each training event has probability ¢ of changing the current ball to a
gold one (even if it is already gold) and each measurement of proficiency
allows "mistaking” a red ball for a gold one with probability g. This "urn
model" will duplicate equation (7).

Now picture a training situation to consist of m traits to be trained,
say of equal difficulty so that ¢ is the same for each, (this is to get
around the item selection criticism of Postman (reference (44) - 1968) and
Underwood and Keppel [(reference (45) - 1962)). If the training event
trains ail traits simultaneously, then some random fraction of the m balls
in the urn are sampled for change, with the average fraction being c. Some
expected transition equation such as equation (2) applies.

However when measuring "proficiency", the measure must include g, say
the same g for each trait. This would lead to a measure

Pn = Gp/m + g = (1-Gp/m) = (Gn/m)(1-g) + g.
That is, it is as if the measure of proficiency could be set equal to the
numper of gold balls in the urn if the urn were seeded with some initial
number of gold balls not representing traits, but placed there to account




for the measurement deception of a correct-looking response from an
untrained trait. Specifically,

]
E(—,%)n-g) +9,

1+(1-0)" (12) (1-g) + g, (8)

E(P,)

]

1+ (1.0 (1) (1-9)],

and Go/m could be corrected to (Gy + gg)/(m + go), where g, depends on g.
This method of dealing with multiple stimulus elements might satisfy. the
criticism of reference (43).

Thus, we propose to use a training model of the form of equation (3).
It will take the general form that on any training trial

Pn = Ppel (1-T) + 7 (9)
Where T is a random variable with values in [0,1] and a known mean value &.
Applying the expected value operator will thus lead to equation (3).

Our point is that it is useful to adopt the view that the task of a
crew can be interpreted as a set of traits or performance habits which are
aquired through practice. Each "atomic" trait is some simple association
learned by one individual in response to an elicitation by a previous
action in a procedural task generated by himself or by some other member of
the crew. Then if we accept the "all-or-none" mode! of the simple trait as
it leads to a linear theory, then we can also accept the linear theory in
the aggregate, and can apply the linear stochastic theory to the acqui-
sition of proficiency in a crew activity.

D. FORGETTING, TURNOVER, AND THE CREW LEARNING MODEL

3

The previous section has discussed the general form of the learning
mode! we propose for crews. However, this model is not completely adequate
in that it fails to predict all "paired-associate learning" data (a

learning situation in which a pair of items is matched in memory).

According to reference (7) there may be another psychological process
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influencing the performance - a forgetting process. For crew performance,
the same effect may be produced by personnel turnover since that is another
mechanism by which learning is lost., We need a mechanism permitting a
transition from a “higher state for training” to a "lower state of
training”. '

The results of study concerning "forgetting" is not nearly as strong
as the results of learning. One early model of forgetting derives from the
work of Peterson and Peterson (reference (46) -~ 1959) in which it was
observed that there can be appreciable forgetting over a short period of
time. In combination with the ali-or-none model, we might presume a long-
term memory (permanently trained) and a short-term memory (temporarily
trained) from which state the subject may transition back to the untrained
state. Atkinson and Crothers (reference (45) - 1964) proposed this type of
model. This model combines the learning and forgetting processes, each of
which is ail or none.

Atkinson and Crothers found that this “two-state" model was not as
satisfactory as a "three-state" model! in which the unlearned state is
distinguished from the "forgotten" state. Intuitively, it is easier to
recover an association from the forgotten state than it is to create an
association from the unlearned state. There are also more complicated
models ('four-state" by Bernbach in reference (47) - 1965), however, for
our purposes we would like to keep the model simple, and if we allow that
turnover in crews is the major element in "unlearning", then a transition
tc a2 single unlearned state is not unreasonable.

Furthermore, much of the theory concerning forgetting is based on
paired associate memorizing situations. In our application we are
concerned with the learning of procedural tasks, and there is no a priori
reason that the retention of paired-associates, the retenticn of motor-
skiils, and the retention of procedural 1links in motor-skills behave the
same way. However, in a paper by Ffleishman and Parker (reference (46) -
1962), concerning retention and relearning of perceptual motor skills
(tracking in an airborne radar intercept mission), it was found that reten-
tion is quite high even for no-practice periods of up to 24 months. What
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small losses did occur were recovered in the first few minutes of
relearning., This seems to indicate that this task recovery was more rapid

for learning from an unlearned state and is similar, in that respect, to

paired-associate learning.
On the other hand, a paper by Schendel and Hagman (reference (49)
1982) is dedicated to procedural skills. As they define:

"Procedural tasks generally involve series of discrete
motor responses... The responses themselves are easy to
execute; it is deciding what responses to make and in
what sequence that poses the main problem for the
learner... Procedural skills appear highly susceptible
to the effects of forgetting, especially when con-
trasted with continuous control skills like tracking
(e.g. Fleishman and Parker 1962). For example Adams
and Hufford (reference (50) - 1962) investigating the
effects of whole- and part-task training on the reten-
tion of a complex bomb-toss maneuver, found a
95 percent loss of procedural response proficiency over
a 10-month retention interval, but found no practically
important effect on the retention of continuous flight
control responses.”

The Schendel and Hagman study was designed to assess different
approaches to deter forgetting after initial training. They tested three
methods:

(1) No training during the retention period (baseline),

(2) One refresher midway through the retention period,

(3) Overtraining initially. This study used the disassembly/assembly
of the M60 machine gun (35 distinct procedures) as the profi-
ciency test.

Each subject was trained to an errorless performance (with the third
group overtrained). From the point of view of retention, the baseline
group exhibited about 6.2 errors after 8 weeks, the overtrained group 2.2
errors. The midway retraining group exhibited about 2.7 errors after
8 weeks but 5.3 errors during the first trial of the midway retraining
period after 4 weeks. We conclude that a reasonable amount of forgetting
occurs, and that it is more rapid in the beginning (5.3 errors after

4 weeks) than later on (6.2 errors after 8 weeks for a difference of .9




errors due to the latter 4 weeks of no training ignoring the inherent
variability between groups).

The Schendel! and Hagman paper also shows that recovery is not substan-
tially more rapid than initial learning. Concerning the retraining after 8

weeks, the control group required 2.43 trials per subject, on the average,
to recover to flawless performance (after 6.2 errors on the first
: retraining trial) with a total of 5.14 trials per subject during the entire
X experiment. This indicates that initial learning consumed 2.71 trials.
F Thus, in the case of a procedural task, there seems to be only a specula-
: tive distinction between an "unlearned" state and a "forgotten" state.

- We conclude, then, that a two-state model combining learning and
: unlearning, each of which is all-or-none (as proposed by Atkinson and
'I Crothers, reference (45), is not unreasonable for procedural tasks
involving one individual. for crews, with turnover, it seems even more
reasonable (this is probably not the case in other team training situations
in which one member helps another at a single task such as jigsaw puzzle
building as reported by Wiest, Porter, and Ghiselli in reference {(31) -
1961).

The following paragraphs develop this idea using the same “"urn" model
with gold and red balls introduced in the previous section. Just as we
increased the gold balls during a learning event, we must also increase the
red balls during an unlearning event and build those together into the same .
model. .

To do this, consider the condition of a crew during any week. It )
begins the week at some proficiency level and during the week there is some -4
training and perhaps also some “untraining”. We wish to estimate the
preficiency of the crew after some N weeks. Let's see how we would start
witn N=1 weeks.

.

Let's assume that "untraining" should be evaluated before training .
(when a crew member is replaced during a week in which a “training event”

_—y PN {

occurs, the event is delayed until the new member arrives). For our
application "unlearning” is of two sorts -forgetting and turnover. Llet's
incorporate forgetting into turnover when it occurs so that "untraining"
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during a week is called "forgetting" unless there is turnover, in which

case the untraining is called “turnover".  Anticipating "turnover" to

represent more untraining than "forgetting", then the amount of untraining
during any week depends on whether or not a crew member is lost in that
week. This depends somehow on the "turnover rate".

Define P(0) to be the crew proficiency at the beginning of week number
1, and assume no training event occurs during that week. Then the profi-
ciency at the end of week 1, P(1), will be less than P(0) on the average.
Following equation (3) in form

E[P(1)[P(0)] = P(0)(1-u) (10)
where u is a specified fraction of balls to be replaced and the replace-
ment will be by red balls. Thus some random number of gold balls between 0
and u are removed from the urn, with the expected removal being P(0)-u.

In our case, the value of u depends on whether the untraining event
was a "forget" or a "turnover". We anticipate that the value of wu associ-
ated with turnover will exceed that associated with forgetting. Thus we
generalize equation (10) and let the random variable Uy represent the
fraction of balls drawn from the crew proficiency urn during week 1 (and
replaced by red balls). We conclude that

ECP(1)[P(0),U1] = P(0)(1-Uy). (1)

We apply an analogous rationale when it comes to training events.
Either a training event will take place or it will not. When it takes
place equation (3) applies for some positive value of t, when it does not
equation (3) again applies with t=0. If we can evaluate the "training
event rate", then we might estimate how often each value applies. Thus, we
establish the random variable T to represent the fraction of balls drawn
from the crew proficiency urn during week 1 (and replaced by gold balls).
We concliude that

ELP(1)[P(0),U1,T1] = P(O)(1-Uy)(1-Ty) + Ty, (12)
and equation (12) represents our estimate of the average proficiency of the
crew at the end of the first week (= the beginning of the second week)
given the initial proficiency P(0), and the realization of the random
events of training and untraining (where we assume the effect of training,




when it occurs, applies after the evaluation of degradation due to
untraining).

Let's now generalize equations (12) to N weeks. We assume the Markov
property will hold, that is, the proficiency at the ith week depends only
on the proficiency at the i-1th week and the events occuring during the ith
week, and not on any previous week's events or proficiencies. That is,
equation (12) applies for each i :

E[P(i) [P(i-1),U4,T3]1 = P(i-1)(1-U3)(1-T4) + Ty, (13)
E[P(i)U5,T4] = E[P(i-1)](1-U5) (1-T5) + Tj.
Following equation (13) we conclude that

M=z

E[P(N)IU]...,UN,T1...,Tn] = E[P(0)] (1-T; y(1-u) +

i=]

(1-T)(1-6 )+ (14)

Ty-1 = (Q-TOO-W) = Ty)

Now we need to average the occurrences of the Uj's and Ti's.

First, let's assume that the random variable U; and T; are independent
of each other, so that the training and untraining processes are uncor-
related. Also, let's assume as a baseline that all the Uj's are inde-
pendent and all the T;'s are independent. This implies that the personnel
turnovers from one week to the next are independent (of course, strings of
turnovers will occur at random), and that the occurrence of a training
event during one week makes it no more nor no less likely of a training
event during the next week (of course, strings of several weeks of succes-
sive training will occur at random). Then, the expected value operation
propagates through equations (14) yielding:
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E(P(N)] = E[P ].5%(1'E[Ti])(]'E[Ui]) +
_o s

0
N
Ty 3 (L DO-ECGD) + (15)
i=
+
ELTy) .

Let's further assume that the occurrence of a training event or the
occurrence of a turnover is no more likely in one week than it is in any
other. That 1is, each week has the same probability as the next as the
owner of a turnover, or as the owner of a training event. In this case we
can regard such occurrences as Bernoulli trials with, say, probability a
that a turnover occurs and, say, probability 8 that a training event
occurs. Therefore we can define for all i:

Pr{Uj = t} = a,

Pr{U; = f} = (1-a), (16)
Pr{T; = p} = B,
Pr(Ti = 0} s 1-8)

where t, f, and p are fixed fractions of balls to be removed from the crew
proficiency urn. Using (16), (15) converts to
E(P(N)] = E[P(O)IrN + gprN-1 + .. + Bpr + 8p

ECP(0)1rN + 8p(1-rN)/(1-r) (17)

rN(E[P(O)] ) %g%) + ?E; .

(r = (1-8p)(1-at+(1-a)f).

Thus E[P(N)] grows or declines gracefully from E[P(0)] to 3p/(1-r) as N+w.
The value Bp/(1-r) represents the "steady-state" proficiency of the crew
under training events which occur in a fraction B8 of all weeks and under

1]

n

turbulence which occur in a fraction a of all weeks.
We recognize that both training and turnover may occur in “lumps", and
it is possible to use equation (14) to evaluate the effects on P(N) of
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correlated events. However, we are unable to do this at this time. Thus,

we cannot make a theoretical judgment concerning the effect on team pro-

ficiency of overtraining as measured by the Schendel and Hagman paper.
Figures B-la, b, and ¢ display a "proficiency profile" of a particular
crew over parameters: p = .30, f= .01, t = .10, 'several a 's and 8's.
The start value of P(0) is taken as .7. Expectedly, during weeks in which
training occurs, some increase in proficiency can be observed. During
weeks in which turnover occurs, some decrease in proficiency can be
observed. During weeks in which neither occurs, either no proficiency
decrease is observed or a 1 percent proficiency decrease is observed. -The
upper bound, Tower bound, and average depends on the training rate, the
turnover rate, and chance (the ensemble average indicates the profile
average over taken over all sample paths). Naturally, more training tends
to increase the profile while more turnover tends to decrease the profile.

E. DATA ANALYSIS AND RESULTS OF THE ELEMENT PROFICIENCY MODEL

The analysis of the previous section has resulted in equation (17).
This equation quantitatively describes the relationship between the rate of
training and the rate of turbulence on the expected proficiency of any
crew, This section applies this equation to the crews comprising an
artillery battery - the FOs (as a group), the FDC, and the Gun Crew.

To perform this application, we need to establish the operating
parameters for each crew as displayed in equations (16). We need to estab-
lish a value for p, a value for f, and a value for t. Then, by selecting
various values for o and 8, we can see the effect of the increase or
cecrease of training, and the effect of the increase or decrease in turn-
over, on the average proficiency of the individual element.

In fact, there are four applications of equation (17) which seem use-
ful:

(1) Measure the gain in proficiency of a newly assembled crew (2=0 no

turnover, B8 at the normal live-fire training rate);
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(2) Measure the "steady-state" proficiency of an established crew (a
at normal turnover rate, B8 at the normal live-fire training

‘ rate);
. : (3) Measure the gain in proficiency of an established crew being
prepared to deploy (a=0 rate, B8 at live-fire rate of one shoot

per week);
(4) Measure the decrease in proficiency of an establsined crew
deployed on a ship and unable to shoot (a=0, 8=0).
Fl Ideally, the values of p, f, and t should come from measured data in
MCCRES tests. This could be done most economically by simply keeping
records:

(1) Of training events using standardized expenditures,

(2) Turnover, and

(3) MCCRES scores for every unit so evaluated.

It would then be possible to estimate ratios of parameters p/f and t/f.
One further type of measurement would allow the evaluation of f, MCCRES
tests given before and afte- the deployment of a unit unable to train while
deployed.

By varying the standardized expenditures (including sub-caliber
rounds), it would be possible to measure the dependence of p on the number
of live-fire and/or subcaliber rounds fixed during a training event. it
would then be possible to construct a training strategy which would
"optimize" crew proficiency with respect to cost. Unfortunately, no such
measured data is available, and the technique in this study is to gather
subjective estimates from experienced Marine Corps personnel in order to
input the parameter values we need.

The questionnaires used in the study can be found in Tab B-1 to this
Annex. Our technique was to take a general subjective survey, asking for

the same kind of quantitative evaluations in different ways, so that we
could arrive at some concensus. In the process, we also gathered quite a
bit of qualitative information. As expected, we encountered a great range
of subjective estimates on the same quantitative issue.
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In order to "smooth-out" the subjective evaluations, we applied equa-

tion (17) to each individual respondent's questionnaire. That is, we used

the model to arrive at our best estimate of the values of p, f, and t under
which each respondents mind seemed to be operating. See Tab B-2 to this
Annex for specifics. We then accumulated each respondent's operant p, f,
and t (and p/f, t/f, and p/t) and took means, variances, and medians. We
then made our best subjective “"analytic" judgment and rounded p, f, and t
into representative values for_ each crew, We similarly distinguished
another p for non-live-fire training. Table B-1 tabulates the results.

As already mentioned above, Tab B-2 contains our best estimate of each
individuals operant assessment of p. We can associate this value of p with
that same individual's experience concerning the number of live-fire rounds
expended per live-fire training event (defined from our analysis as 1.67
live~-fire days - an average of 2 two-day shoots and 1 one-day shoot.)
Figures B-2a, b, and ¢ display these relationships for each element. As
can be seen, there is no obvious relationship between the amount of
learning and the number of rounds fired.

This lack of a solid relationship affects the nature of our recommen-
dations. The proposed purpose of our analysis was to recommend training
ammunition dependent on relating proficiency to number of training events
(using a standard number of rounds per event), and not to recommend how
many rounds to fire per training event. However, it seems from our
questionnaire results, that it may be a far better strategy to reduce the
number of rounds per live-fire day than to reduce the number of live-fire
days. The best way we can state this kind of recommendation on some quan-
titative basis is:

If you desire to train to a proficiency level which will imply a
reduction in current allowances due to the reduction of Ilive-fire days
(based on the current doctrine governing the number of rounds per live-fire
day), then you will likely lose less proficiency (not currently quantifi-
able) by training the same number of live-fire days with the reduced
allowance. With this understanding, we now present our quantifiable
results.
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TABLE B-1. OPERANT MODEL PARAMETERS FOR CREW PROFICIENCY

LIVE-FIRE NON-LIVE-FIRE
LEARNING  FORGETTING  TURNOVER LEARNING
PARAMETER (p) PARAMETER (f) PARAMETER (t) PARAMETER (p')
GUN CREW .16 .01 .02 12
FIRE DIRECTION .20 .01 .05 .10
CENTER
FORWARD OBSERVERS 2 .01 .03 .10
(AS A GROUP)
1
]
T
B-25
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First, let's consider attainment. Figure B-3 displays the quantitative

relationship between the number of days of live-fire exercises and profi-

ciency. Each element's curve begins at the median value of proficiency, as
subjectively estimated in the questionnaires, after the first live-fire
training event. Each curve assumes a training rate of 3 live-fire training
events, on the average, every 10 weeks (8=.3). This allows a reasonable
amount of “forgetting" to impede attainment, although no turnover in
personnel is assumed (a=0). Equation (17) is applied with N in multiples
of 3-1/3 but interpreted in terms of training days rather than in terms of
weeks of training at a rate of 26 live-fire exercise days per year. Note
that at this rate the FO decreases proficiency while FDC and GC increase up
to o/(1-r) for B8 = .3 and the r and p appropriate for those crew from
Table B-1 and a=0.

Second, Figures B-4a, b, and c¢ display the "proficiency maintenance"
curve, the quantitative relationship between the number of 1live-fire
(including subcaliber) exercise days per year and the "steady-state"
prcficiency of the element's crew. This steady-state value represents the
long-term average proficiency of a unit under a specified average amount of
exercise days and under ‘a specified average -amount of turbulence. In
equation (17) it is equivalent to setting N== resulting in the value 8p/(i-
r).

Actually, we simplify this expression even further by removing the
seccend order terms from the denominator. The result is

E[P(=)] =~ 8p/(Bp*at+(1-a)f),

- 8
B+at+ (1-a)t, (18)
P P

R
B + fat + (1-a)\T
(F7)

That is, the long-term average unit proficiency depends only on the ratics
t/f and p/f and not on the specific values of p, f, and t.
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Equation (18) is of the form n/n+tC where n is the number of exercise
days per year. In fact B8=n/(52x1.67) is the fraction of training events

per week. Thus C = 52x1.67(at + (1-a)f)/p. For a fixed turnover rate a, and

we use median turnover per element as indicated in the questionnaires,
(a=3/26). So as we train during more exercise days per year the profi-
ciency increases. Under the current model, B8 cannot exceed 1, which is
one "live-fire" training event (1.66 days) per week.

Figures B-4a, b, and ¢ also addresses the impact of non-live-fire
training. For non-live-fire training we extract a value of p appropriate
to such training. See Tab B-2 again for the questionnaire analysis. -This
value of p is less than that associated with pure live-fire, and it is
measured subjectively with the understanding that the crew members have
already been trained with live-fire. ,

So as not to stretch our interpretation of the effectiveness of non-
live fire training too far, we consider only a "50/50" mix of live-fire
versus non-live-fire training. By a "50/50" mix, we are forced by our
model tc regard each training event as either completely non-live-fire or
completely live-fire, and that such events are mixed 50/50 on the average.
In this way we can use equation (14) where T; will be either 0, or p (live-
fire), or p' (non-live-fire). We then extend equation (16) to include

PriTi = 0) = 1-8,
Pr{T; = p} = 8/2,
PriT; = p'} = 8/2,

so that E[T3] = (p+tp')/2. Thus, the effective value of p producing the
50/50 mix curves in Figures B-4a, b, ¢ is (p+p')/2.

However, the questionnaires generally indicate that it is more
effective to mix live-fire and non-live-fire training in the same event
than to isolate their use in individual events. For example, we would
recommend during a two-day shoot that the first day be devoted to non-live-
fire training and the second to live-fire. This will likely provide a
greater net proficiency than mixing events - but we are unable to quantify
this training strategy just as we were unable to quantify the effect of
reducing live-fire rounds usage in a training event. Intuitively,
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replacing live rounds by subcaliber rounds during a single event probably

loses less training effect than by simply eliminating that number of live

rounds altogether.

Rather than maintaining a high level of steady-state proficiency, it
may be reasonable to maintain a lower level with the strategy of training
intensely just before deployment. Figure B-5 is meant to represent this
case. These graphs plot equation (17) assuming no turnover (a=0), and one
training event per week (B=1). As a baseline, we assume the unit begins at
P(0) = .60 and the average proficiency increases as indicated in Figure B-5
as the weeks go by.

These curves are meant to describe the relationship between differ-
ences in proficiency level and the equivalent number of weeks of training
needed to bridge the gap. So, for example, in the howitzer crew curve, the
difference in weeks of training between 82 percent and 92 percent is 7-1/2
weeks. This indicates that a unit maintaining 82 percent proficiency can
be accelerated to 92 percent proficiency with 7-1/2 weeks of intense
training.

Finally, Figure B-6 demonstrates the decline in proficiency due to
lack of training. Here, a=0 and 8=0 so that we assume no training and no
turnover. This is characteristic of a deployed unit unable to conduct
either live-fire or subcaliber training. The value for f for each element
has been approximated as f=.01, and equation (17) becomes (a=0, B=0)

ECP(N)] = E[P(O)I(V-FN . (19)
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Weeks of Intense Training

Notes: 1. Assumes one live-fire exercise per week
2. Assumes no personnel turnover

Figure B-5. Predeployment Preparation Training
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Weeks without Exercise
Notes: Assumes no turnover and no live-fire or subcaliber training.

Figure B-6. Proficiency Degradation (at Sea)
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PART 11
THE BATTERY PROFICIENCY MODEL

A.  INTRODUCTION TO THE BATTERY PROFICIENCY MODEL

[}

Part 1 of this Annex has provided us with a quantitative description
of how the amount of live-fire/subcaliber training relates to the profi-
ciency of each of the artillery battery's elements. This part of this
Annex will show how to combine the proficiency of the Forward Observer (FO)
with both the proficiency of the Fire Direction Center (FDC) and the pro-
ficiency of the Gun Crew (GC) in order to assess the proficiency of
the bditery taken as a whole.

This process of combining proficiencies is not straightforward because
different indirect-fire missions depend in different ways upon each
element. Thus, the combining of proficiencies is more natural in the
setting of a specific mission where the impact of each element's profi-
ciency can be more easily identified. Viewing the problem in this context
is especially appropriate in view of the fact that MCCRES standards for
element and Battery performance are specified within the framework of
specific missions. Therefore, our measure of battery proficiency will be
determined by combining certain mission-dependent proficiencies with
specified weights, as we regard each mission contributes to the overall
assessment of battery proficiency.

We have selected three missions as representative of battery perform-
ance: "Fire-for-Effect", "Adjust Fire", and "Coordinated Illumination".
Each of these missions will be analyzed in detail to include the MCCRES
Standard of performance within each mission subtask, and also to include
the points of coordination between elements. The effect of coordination
between elements is the single most elusive part of the Battery Proficiency
Model, and it has been parameterized so that the Model can be "tuned" to
data using the parameter.

This idea of "tuning” is necessary and desirable. In a MCCRES test -

each e:ement, and the battery as a whole, can be evaluated, so there is a
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natural link between the element proficiencies and the battery proficiency.

We would like to be sure that the Battery Proficiency Model, when using the

element proficiencies provided by a MCCRES test, would output the battery
proficiency of the same test. In order to assure this, in an average
sense, we provide a free parameter which, when manipulated between reason-
able bounds, will allow this match to occur.

In the sections which follow, we are concerned with computing mission-
dependent proficiencies for the 3 selected missions. However, we first
discuss the manner by which element performance of subtasks within any
given mission is quantified.

B. QUANTIFICATION OF BATTERY ELEMENTS' PERFORMANCE

MCCRES standards for performance of the FO, FOC and GC in particular
subtasks of a given artillery mission are very expiicit. In particular,
these standards are spelled out in terms of time and accuracy requirements
for each of the Battery elements. As an example, Figure B-7 displays a
typical time sequence of tasks in an "Adjust Fire" mission. MCCRES
standards for performance of the FO, FDOC and GC in each of these tasks are
given in Figure B-8.

Suppose now that we are given proficiency levels pFQ, ofDC ,pGC on FOQ,
FOC and GC, respectively (each of these p values satisfies 0<p<l). A basic
question is, how do we interpret these values in light of the MCCRES
standards cf Figure B-8. Consider first the standards on time. We shall
introduce a one-parameter family of probability density functions fvy(t),
which will bte used to characterize in each case the actual time required
for an element to perform a particular subtask. Specifically, we do the
following:

Given MCCRES time standard Tj,g=1 minute on FO per-
formance in Task 1 of Figure B-/, and given FO profi-
ciency p 0’ choose v = 3 such that

1,0 - "
[0 (0t = g, (2)
0
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TASK 1

FO identifies target, determines
target location prepares RFF and
transmits RFF to FDC.

(requires time T)

I

TASK 2

FDC plots target and prepares firing
data

(requires time T2)

|

TASK 3

FOC sends data to X0; XO sends data
to guns

(requires time T3)

l . v

TASK 4

Adjusting Gun(s) fire
(requires time T4)

TASK 5

Time of Flight
(requires time Tg)

Figure B-7. Typical Time Sequence at Events in an
"Adjust Fire" Mission
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TIME STANDARD

FO performs Task 1 within 60
seconds

FDC performs Task 2 within
45 seconds

Task 3 reflects a Battery-level
coordination/communication time;
estimated minimum value for T3
is 19 seconds

GC performs Task 4 within 45
seconds

In this study, the time Tg will
represent the average time of
flight of an artillery round
with charge 5, fired at a target
at range 15,000 meters. Thus,
estimated time Tg is 35 seconds.

ACCURACY STANDARDS

» FO will locate target position
to within 200 meters

« FDC will plot target position
by determining Deflection (DF)
and Quadrant Elevation (QE)
settings to within 13 mils; at
a range of 15,000 meters, this
is assumed to translate into a
radial error of approximately
50 meters

» GC will implement DF and QF
settings again to within 13
mils; this also will be
assumed equivalent to a radial
error of 50 meters at the
range of 15,000 meters.

Figure B~8. MCCRES Standards for Standard Performance of Tasks
in Portion of "Adjust Fire" Missions
T
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That is, condition (2) has the interpretation that given FO proficiency

Pro> the likelihood of the FO meeting the MCCRES time standard T],o is PEo- -

This is graphically depicted in Figure B-9. Thus, the actual time Ty
required for FO performance in task 1 is a random variable characterized by
the density fyq(t). :

This same approach is used to couple FDOC proficiency Prpc to MCCRES
time standard Tz’o = 0.75 minutes, for performance of Task 2. That is, we
determine Y2 such that

.
.[ 2,0 sz(t)dt * oppe- (3)
0

Thus, time T2 is a random variable with density sz(t). Moreover, Ty and
T2 are assumed to be independent (as random variables). A similar con-
straint is applied to characterize GC performance in Task 4 of Figure B-7.

The utility of this basic approach is typified in our example as
follows: that is, fY](t) and sz(t) are densities concentrated on O<t<w .
Thus the time T=T1+T2 required for completion of both Task 1 and Task 2 is
a random variable with density on 0<t<= given by the convolution

(fY'! * sz)(t) ' (4)
Clearly a judicious choice of the family fy(t) is in order; i.e., one which
allows (4) to be easily computed. The selection and use of such a family
of densities is described later in this section.

It is apparent that by applying this technique to all tasks within a
given mission, it becomes possible to quantify Battery-level performance,
as regards the time aspect, in a manner which factors in both element pro-
ficiencies and associated MCCRES standards. Specifically, we shall be able
to determine a probability density p(t) which characterizes the total time
required for conduct of a mission. More generally we may conceptualize a
density p(t,a) which characterizes both the time and accuracy aspects of
Battery-level performance in a given mission. Then, given MCCRES time and
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Figure B-9. Graphical Interpretation of Quantification
Performance Time T]
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accuracy standards on Battery performance, we shall define Battery profi-
ciency for a particular mission by

MCCRES Time and Accuracy

Prob {Standards are met, given (5)

specific mission type
Notionally, we may think in terms of constructing the density p(t,a);
practically, however, we shall be concerned with computation of mission-
dependent probabilities represented by (5). This procedure is rather
dictated by the fact that. all MCCRES standards are spelled out in terms of
particular type missions. Thus if we consider missions mj , i = 1,2,...,1I,
define

Battery proficiency given

element proficiencies and

conditioned on mission (6)
type mj.

“)(QFo: pFDC’ chlm,')
Then (5) and (6) imply that

W(DFO, pFDC’ chlmi) (7)

MCCRES Time and Accuracy
Prob { standards are met, given

mission type mj
In order to then determine an unconditioned Battery proficiency, we shall
introduce mission weights a4 , i=1,2,...,1 such that @>0, ay + ap
+ a] = 1, which reflect the extent to which mission type m; contributes (on
the average) to the overall assessment of Battery proficiency. The
appropriate Battery proficiency w(pFO, PrDC? pGC) is then given as

Vv (PFO. PFDC» PGC)

I

12=] ‘1’(9’:0, pFDC’ chlm‘i )

The actual construction of the mission-dependent Battery proficiencies
w(pFo, PEDC? chlmi) is strongly tailored to the type mission being

considered. For the purposes of this study, three (3) representative
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missions were selected. These missions, together with the estimated
weights o, are displayed in Table B-2.

In order to implement the procedures described above, at least from

the standpcint of gquantifying time aspects of Battery performance, the
convolution (4) must be reasonably easy to compute. For the purposes of
this study*, we shall use Gamma densities to model individual element time
performances. The Gamma densities fqo,Y(t) are concentrated on t>0 and for
y>1 have the form depicted in Figure B-10, The constant represents a
scale factor ‘and will be fixed at a prescribed value. Thus, the family of
densities fa,y(t) is a one-parameter family. The fundamental utility of
the Gamma density fa, Y(t) lies in the fact that it allows us to charac-
terize a given performance time T; in a mission subtask by a density which
is concentrated on t>0, “looks" more or less bell-shaped, and such that the
family of densities has mathematical property: That is, if fa, yj(t) and
fa, Yz(t) are two such densities for parameter values Yy and Y2, then the
convoiution of these densities satisfies
(fa,y1*fa,v2) (t) = fa,y1 + 4o,

In particular, (9) implies that if Ty is a random variable with density
fa,y1(t) and T2 is a random variable independent of Ty, with density
fa,y2(t), then the random variable T14T2 has density fo vi + Yz(t)-

In what follows, the densities fy, Y(t) will be applied in conditions
such as (2) or (3), to uniquely determine the parameter Y. This is the
metnod by which all time variables will be quantified. (Note that, for the
family of Gamma densities, the conditions (2), (3) uniquely characterize V).

Quantification of accuracy aspects of elements performance as well as
Battery performance, is mission dependent and details will be given in the
foilowing section. However, consider the following as an example of the
technique to be used: The MCCRES accuracy requirement on FO performance of
Task 1 in Figure B-7 is "the FO must locate the target to within 200
meters"”. Given this standard and the relevant FO proficiency PF0O, we shall

* Note that if sample statistics on time performances were available, (4)
could be computed numerically.
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TABLE B-2. MISSIONS CONSIDERED IN DETERMINING BATTERY PROFICIENCY.

Mission M Weight @;
WAL LLL L —1
My1: Fire~for-Effect .3
M2: Adjust Fire .6
iﬂl M3: Coordinated Illumination .

——t

1
<
o
R
R
i
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Figure B-10. A Typical Gamma Density fa,v(t) forw >]
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assume that the FO's ability to sight the target is characterized by a
circular normal distribution with mean the true target position, and a
variance a? uniquely determined by the condition

{Target located to%

Prob within 200 meters

= Pfo. (10)

To be specific, let the target be located at (0,0) in an xy-coordinate
system. Then the appropriate form for this normal density is

2,2
P
216 o ]
Condition (10) then becomes

2, 2
I e

o
x%+y2<200 2

dxdy = PFO (12)

The integral (12) is easily evaluated (in polar coordinates) so that (12)
becomes

2 ——
1 - exp)- 200 1= oeq | (13) -
20
Thus, (13) implies that_
2
2 . _ _ 200
o0 =g * ZTF—TTTBFBT— (14)

More generally, then, if any of FQO, FDC, GC has a MCCRES accuracy standard
which can be translated into an allowable range error Rp, and a proficiency
p is given, then performance of that element is assumed characterized by a
(zero-mean) circular normal distribution with variance o given by

RS

n (T-p (15)

The manner in which this idea is implemented will be clear in what follows.
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C. DETERMINATION OF THE MISSION DEPENDENT BATTERY PROFICIENCIES

1. The "Fire-For-Effect" Mission my

The time sequence of events in the Fire-For-Effect mission is
displayed in Figure B-11. In this mission there are no adjustment rounds.
The explicit MCCRES standards for this mission appear in Figure B-12.

By definition, this mission terminates when the rounds leave the
tubes. Thus, time Tg of Figure B-11 is not to be considered in evaluating
total performance time for the Battery. Moreover, the time T4 represents a
coordination/communication time for the Battery. An optimistic estimate of
this time is 19 seconds. This particular time element occurs in the other
2 missions considered, and will be (deterministically) fixed at 19 seconds.
However, once the Battery Proficiency Model is fully assembled, this value
will be uniformly incremented across missions to reflect consistency of
Battery proficiency output with information obtained from the Artillery
Command and Staff questionnaire.

Now, from Figure B-11 the total mission time T is given by

T=T1 +Tp +T3 + T4. (16)
As indicated in Section B.7, the procedure is -to couple MCCRES time stan-
dards of Figure B-11 with relevant FO, FDC, GC proficiencies Pro PrpC?
e respectively, to.generate Gamma densities fQ,Y](t), fa,Yz(t)’ f1,
14(t)*; j.e., these densities characterize the random variables Ty, T2, Tg,
respectively. Thus, we may write fQ,Y](t), fQ,YZ(t), f1, 74(t)*
Prob(Ty + T + T3 + T4 < 2.83]
= Prob[Ty + T2 + Tg < 2.83-.32]
(17)

2.51
= J fa,Y]+Y2+Y4(t)dt

We now concern ourselves with the accuracy aspects of this mis-
sion. Consider first the Battery requirements. From Figure B-12 we see

*The scale factor is set equal to 0.1. This allows us to determine v
values satisfying v>1. Moreover, Battery proficiency which is output from

the final model appears to be relatively invariant with respect to varying
Q. *
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FO identifies target,
determines target location
and prepares RFF; FO
transmits RFF to FDC

L)

\

FO plots target and
prepares firing data
T2

{

FDC sends Fire Mission
and firing data to XO;
X0 sends data to guns

T3

Battery fires
T4

Time of Flight
Ts

Figure B-11. Time Sequence of Events in the Fire-For-Effect Mission
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Time Standards
Standard for FO performance
time T1 is 60 seconds

Standard for FDC performance
time Tp is 45 seconds

No explicit standard for
time T3; estimated minimum
time is 19 seconds.

Standard for GC performance
time T4 is 45 seconds

Time of flight Tg for charge
(?) and range 15,000 meters
is 35 seconds

Standard for Battery per-
formance time T is 170
seconds (2.83 minutes)

* In

Accuracy Standards
FO will locate target posi
to within 200 meters

FOCwillplot targetposition
by determining DF and QE set-
tings to within s miles;
thistranslatesintoaradial
error of 50 meters

GC will implement DF and QE
settings, again to within

¥ 3 mils. This is equiva-
lent to an (additional)

50 meters

Standard for Battery per-
formance is

- At least 1 round of 8

fired within 50 meters
of target*

- At least 6 rounds of
8 fired within 200
meters of target

this and other missions, we assume an 8-gun battery.

Figure B-12. MCCRES Standards for Conduct of Fire-For-Effect Mission
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that (i) at least 1 round (of 8 fired) must fall within 50 meters of the

target, and (ii) at least 6 rounds (of 8 fired) must fal) within 200 meters
of the target. The probability of this joint event is computed as follows.

Let the ordered pair (j,i) symbolize (~):

(j,i) = 1 rounds within 50 meters of
target and j additional (18)
rounds within 200 meters of
target, with i>1 and j>5,

it - i

T

Define
3 Probability of j additional
.l Prob (j|i) = rounds (j>5) within 200 meters
of target, given i rounds (i>1)
within 50 rounds of target,
(19)
Prob (i) = Probability of 1 rounds (i>1)

within 50 meters of target.

If we consider the i rounds as independent and (separately) the j rounds
as independent, we may write

Prob (j,i) = Prob(j|i)Prob(i)

. (20)

- [8-1}(8 - _ 8-i-j i 8-i

i/\i/ p(1-p) p (i-p)
where

p = probability of any one of the i

rounds within 50 meters of target 2N
21

p = probability of any one of the j
additional rounds within 200
meters of target.
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g The probabilities p, p are determined by considering FO, FDC, GC proficien-

5 cies in light of MCCRES standards on the element performance (reference:
E; S ) Figure B-12). That is, each of the FO, FDC, GC possible errors is charac-
' A terized (independently) by variances which result from (15) applied with
each of the MCCRES element accuracy standards of Figure B-12. Thus,

2
L2 .. _200
FO Zlnll-PFoi ’
2 . 502
FOC ALIAE ook (22)
2 .. _50°
GC Zlnil-PGc )

In addition to these "proficiency-induced" error quantifications, we must
account for gun round dispersion. This we characterize by a variance of
502 = 2500.* Thus, the variance

2 2 2 2 .
c =0 + ¢ + o +2500 (23)
FO FDC GC
characterizes a (zero-mean) circular normal distribution which quantifies

where a particular round may land (in the absence of any other information)

Thus,
| [f {1x2+ 2}
p = — exp )- -———?—1— dxdy,
21 2, 2 .2 2
x“+ y~ <50
2
50
= 1- exp {- , (24)
EEZ}

*Taken from Field Manual.
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2 where 02 is as given in (23). Now, for the computation of p, since (condi-
> tionally) rounds have landed within 50 meters of the target, we set o2 =
502 + 502 (accounting also for dispersion) and compute:

allows us to compute

2
- 50
=1 - - 25

Pl e {2_2} )
S Identifying the admissible (j,i) pairs in the set A
. (5,1),(6,1),(7,1),(4,2),(5,2),(6,2)
A= (3’3)3(4s3)9(593):(2$4)a(3,4)
[~ (4,4),(],5),(2,5),(3,5),(0,6) (26)
.. (1,6),(2,6),(0,7),(1,7),(0,8) :
:

Prob [>1 round within 50 meters and >6
rounds within 200 meters]

2 Prob (3,i). (27)
(j,1)en

LA V.R. .t

Thus, considering time and accuracy aspects of a mission to be
independent, we have (reference: equations (7), (17) and (27)): -

v (Ppg * Pepc * Pge M)

MR
el

2.51 . .
- £ (t)dt. 2.  Prob(j,i) (28)
[ @ N TR Y (3.9)eA
0

2. The "Adjust Fire" Mission mo

Figure B-13, 14, and 15 depict the time sequence of events in an
"Adjust Fire" mission. This mission consists of placement of an initial
round (Figure B-13), several intermediate adjustment rounds (Figure B-14),
and a last adjustment and FFE round (Figure B-15).

From Figure B~12, it is apparent that the total time T required
for placement of the initial round is

i g 1D

(29) -~
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FO identifies target, determines
target location, prepares RFF

and transmits RFF to FDC

(1)
b

FDC plots target and prepares

firing data
(1)
T2

FDC sends data to X0; X0 sends
data to guns

(I)
T3

Adjusting Gun(s) Fire
(1)
T4

l

(1)
Tg

Time of Flight

“igure B-13. Time Chart, Initial Round in Adjust Fire Mission
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FO makes sensing and applies
correction; FO sends correc-
tion to FDC

(A)

N

/

FDC applies correction to
determine new OF and QE
settings

(A)
T2

y

FDC sends data to XO; XO
sends data to guns
(A)
T3

¥
Adjusting Gun(s) Fire
(A) .
T4

Y
. Time of Flight
(A)
Ts

Figure B-14. Time Chart, Single Adjustment Round in Adjust Fire Mission
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S FO makes sensing, applies
correction, sends correc-

tion and order “FFE" to FDC
(LA)
T

.
FDC applies correction to

determine new DF and QE
settings

%I T2

FDC sends data to XO0; X0
sends data to guns

' (LA)
T3
A1l Guns Fire

SN (V)
X . 2

Time of Flight

(LA)

M0 At o

(LA)
T5
E‘ ) Figure B-15. Time Chart, Last Adjustment Round and FFE in Adjust Fire
_ Mission
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The time required for placement of a single intermediate adjustment round,
T(A), is from Figure B-13
5
(A) . (A)
i=] [
Finally, the time required for the last adjustment and FFE is, from
Figure B-15

4
LGRS SRICY . (31)
i=]

Note that (31) reflects the fact that the mission terminates when the last
rounds leave their tubes (i.e. time of flight in the FFE cycle is not to be
considered in evaluation of Battery performance).

Thus, if the mission requires n inteimediate adjustment rounds,
then the total mission time T(n) (conditioned on n) is given by

T(n) = T80 4 1A 4 7R (32)

Our procedure now is to quantify the element time variables T; by using the
Gamma densities of Part II, B. This will yield a statistical characteriza-
tion of the random variable T(n) in terms of a conditional density p(tin).
It is also necessary, _however, to use element proficiencies and MCCRES
accuracy standards to determine a discrete density p(n), n=1,2,...,N, which
characterizes the likelihood of each of N intermediate adjustment rounds.
In this regard, it is assumed in this mission that the Battery will ulti-
mately obtain a required 50 meter bracket on the target, and thus perform-
ance is simply a question of how many adjustments are required.

Once the density p(n), n=1,2,...,N, is determined, an uncondi-
tioned density on Battery mission time T is furnished by the marginal
density.

N
p(t) = X p(tin)p(n) .
n=1

Battery proficiency will be determined by simply applying the
MCCRES battery time standard T, to the density p(t) to compute Prob{T<T,].
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(Keep in mind that accuracy proficiencies of FO, FDC, GC are driving

factors in the construction of the density p(n), n=1,2,...,N. The details

of this construction will be given shortly.)

The MCCRES standards for performance of the "Adjust Fire" mission
are given in Figure B-16.

We now proceed to statistically characterize T(n) in (32).
Analogous to the "Fire-For-Effect" mission, we use Gamma densities to
quantify the times

D) (1) +(I) +(A) <(A) <(A) ~(LA) +(LA) +(LA
T{8 r{1 1{1) q{A) 1{A) 1(A) (LA {LA) 1(LA),

We factor out the coordination/communication times T3(I), T3(A), T3(LA) and
times of flight Tg(l), T5(A) as deterministic quantities (recall that
Tg(LA) is not to be considered).

To be specific, we determine Gamma density parameters ¢ for each
of the element performance times T; by matching element performance profi-
ciencies Prg, Prpc, Pge to the relevant MCCRES time standards displayed
in Figure B-16, (reference equation (2)). Now define

D =u1(I) +u, (I)+u4 (1)
WA u ](A) + uz(A) + u4(A)
' (34)
J(LA) ](LA),, uz(LA) + u4(LA)
MLV RN € ) B Nu(A) + (A
To(n) = 1.22 + 0.9n (units of minutes)
Ther by property (9),
11-T (n)
Prob[T(n)<11] = on ° 2«, My (E)dt (35)

The quantity Tg(n) accounts for the (deterministic) contribution of coordi-
nation times and times of flight.

We now consider construction of the discrete density p(n),
n=1,2,...,N, which characterizes the number of adjustment rounds required
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Time Standards

Standard for FO performance
time T](I) is 60 seconds;

that for times T1(A) and
Ti(LA) is 15 seconds

Standard for FDC performance
time Tz(I) js 45 seconds;
that for times TZ(A) and
To(LA) is 25 seconds

No explicit standard for
times T3(1), T3(A),
T3(LA), estimated minimum
value is 19 seconds

Standard for GC performance
time T4(1) is 45 seconds;
that for times T4(A) and
T4{LA) is 35 seconds.

Time of flight T5(1) and
T5(A) is 35 seconds.

Standard for Battery per-
formance time T is 660
seconds (11 minutes)

Accuracy Standards

FO will locate target position
to within 200 meters

FDC will plot target position

by determining DF and QE set-

tings to within T3 mils; this
translates into a radial error
of 50 meters

GC will implement DF and QE
settings again to within

¥ 3 mils. This is equiva-
lent to an (additional)
allowable radial error of
50 meters

Standard for Battery per-
formance is
- 6 rounds of 8 fired

with 100 meters of target
(In as much as the mission is
modeled so that 50 meter brac-
ket is ultimately obtained,
this condition is trivially
satisfied)

Figure B-16. MCCRES Standards for Conduct of the Adjust Fire Mission




to achieve a 50 meter bracket on the target. To begin with we consider 1st

round placement error. In as much as accuracy standards for FO, FDC, GC are_

the same as in the "Fire-For-Effect" mission, we generate a varianceqs?
using (22), (23), i.e.,

2 2 2 2
O =5 F0 +% Fpc +° GC + 2500 (36)

Formula (36) characterizes a zero-mean circular normal distribution (refer-
ence equation (11)) which provides probabilities that the initial round
will land within a prescribed range of the target. In particular, let R
represent the range error random variable (in units of meters). Then

2
PROB [R < Ro | = 1 - expl-3% [(reference (12) and (13).)
21

Now define the annulus:

Ak = {R}1100(k-1) < R < 100k}

2 (37)
kK=1,2,....K
Then,
q(k) = Prob[Rcﬁk]
142 2
: exp{f [100ék 1) } oo {_[120k] } -
o] o]

k=1,2,...,k.

Moreover, each of the range error annuli A¢ can be identified with a
specific number of adjustment rounds required to achieve a S0 meter bracket
on the target, (i.e. given that the initial round falls within Ag). This
information is displayed in Table B-3. The number of adjustment rounds is
given as two (2) possibilities with relative weights specified. The
estimates in Table B-3, in conjunction with (38), induce the desired
discrete distribution p(n), n=1,2,3,4,5, on the number of adjustment rounds
required. This distribution is given as

B-61

-

ey

- 4

-




TABLE B-3. REQUIRED NUMBER OF ADJUSTMENT ROUNDS IN THE ADJUST FIRE MISSION

. (NOTE: K=8)
- Number of Corresponding
P ANNULUS Adjustment Cycles Weights
- Ax (Nks Nks1) (Mnys Mngar)
Ay (1, 2) (.5, .5)
A2 (2, 3) (.5, .5)
A3 (2, 3) (.3, .7)
A4 (2, 3) (.3, .7)
As ' (3, 4) (.3, .7
Ag ) | (3, 4) (.3, .7)
A7 (3, 4) (.2, .8)
Ag (3, 4) (.2, .8)
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p(1) = (.5)a(1)
p(2) = (.5)a(1) + (.5)q(2) + (.3)a(3) + (.3)a(4),

p(3) = (.5)a(2) + (.7)q(3) + (.7)a(4) + (.3)a(5)

+(.3)a(6) + (.2)a(7) + (.2)q(8), ' (39)
p(4) = (.7)q(5) + (.7)a(6) + (.8)a(7) + (.8)q(7)

+(.8)a(8),

8
p(5) = 1 - La(i)
i=1

Thus, using (7), (33), (35) and (39) we have

¥ (Prp, Prpc, PeCim2)

5
= :E: Prob[T(n)<11]p(n)
n=1
(40)
5 11-T°(n)
- gg% .é fa, u(n)(t)dt . p(n)

3. The "Coordinated Illumination” Mission m3

The "Coordinated Il1lumination" mission is the most complex of the
three missions being.considered. It consists of an [1lumination adjustment
process and a subsequent High Explosive (HE) adjustment process.
Figures B-17, 18, 19, 20, and 21 depict the time sequence of events in each
of these cycles.

From a modeling standpoint, the “Coordinated Illumination"
mission consists essentially of twoc "copies" of the Adjust Fire mission,
with the exception that in the Illumination phase there is no last adjust-
ment and FFE cycle. Significant items to be computed are the discrete
distributions on the number of adjustment rounds required in the Il1lumina-
tion phase and in the HE phase.

- The MCCRES standards for this mission are enumerated in
Figure B-22. It is to be noted that the Iilumination and HE portions of
the mission are evaluated independently. In particular, the time require-
ments of 7 minutes for Illumination ind 11 minutes for HE are to be applied
separately.

B-63

bt




o s - v e — e IR S Sl e vl Samh aivh

h FO determines area to be illuminated
and sends request for illumination
to FDC

PRt
PR

(1)
N

e — —
FDC plots the area to be illuminated;
also determines Fire Mission, including

method of fire a??)other firing data
T2
S
FDC sends data to X0; XO sends data to
adjusting gun(s)
(1)

T3
] Adjusting Gun(s) Fire
I

(I
| TA_r

Time of Flight -
(1)

Ts

Figure B-17. Time Chart, Initial Round of Illumination Phase of a
Coordinated I1lumination Mission ot
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FO makes sensing for range, deflection
and time (vertical placement) and deter-

l mines corrections; FO sends corrections
to FOC
(R)
N
. . i
i FDC applies corrections to determine new

DF, QE and timing(zﬁttings

T2
T
FO sends data to XO; XO sends data to
adjusting gun(s)

13
1
Adjusting gun(s) Tire
(A)

T4

— l
Time of Flight
(A)
Ts

Figure B-18. Time Chart, Adjustment Round in Illumination Phase of -
Coordinated Illumination Mission
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Parallel Illumination

Procedures HE Procedures

FO Requests 2-point FO Identified Target,

I1lumination in FFE determines target Location,
prepares RFF and transmits

FO transmits FFE to FDC. RFF to FDC

Control of the time of fa(l)

firing illumination may

be maintained by FO or FDC plots target and pre-

passed to FDC pares firing data

FOC does not require a ‘ T2

plot FDC sends data to XO; X0

sends data to adj gun(s)
FOC sends any change in )

T3
method of Fire, and QE
to X0; XO sends data to Adjusting gun(s) Fire
guns f;(l)
I1lumination FFE guns fire Time of F2;§ht

Ts

Time of Flight

Figure B-19. Time Chart, Initial Round of HE Phase of Coordinated
[1lumination Mission
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Parallel I[1lumination

- - Procedure HE Procedure

I IF FDC is controlling FO make sensing and deter-
’ mission, FDC sends QE mines correction; FO sends
- to X0; XO sends QE to correction to FDC

: Gun(s) firing illumina- 7](A)

tion in effect
FDC applied correcton to

;' Guns Firing I1lumination determine(n§w DF and QE
o . ~ (A
L Fire T,
[ Time of Fiight . FDC sends data to XO; XO
sends data to guns
~ (A)
| T3
Fi HE Adjusting Gun(s) fire
~ (A)
T4
{ Time of Flight
~ (A)

FG e Ts

Figure B-20. Time Chart, Adjustment Round of HE Phase of Coordinated
[1Tumination Mission

B-67




Parallel Illumination

Procedure

HE Procedure

IF FDC is controlling
mission, FOC may or may
not change the method of
fire to "continuous illu-

mination: or change the
number of guns firing

illumination in FFE. FDC
sends QE to X0, X0 sends

QE (and change in method
of fire) to guns

Guns Firing Illumination
Fire

Time of Flight

FO makes sensing,deter-
mines correction and sends
correction to FDC, along

with order FFE
~ (LA)
T

FDC applies correcton to

determine new DF & QE
~ (LA)
F:

FDC sends data to X0; XO
sends data to guns

~ (LA)

T3
Guns firing HE fire

~ (LA)
T4

Time of Flight
~ (LA)
Ts

Figure B-21. Time Chart, Last Round and FFE in HE Phase of Coordinated

ITlumination Mission
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Time Standards

Acéhragx Standards

Standard for FO performance
times T](I) and T](I) is
60 seconds

Standard for FO performance
times T](A), ?](A), T](LA)
is 15 seconds

Standard for FDC performance
times To(1) and To(1) 4

60 seconds\

Standard for FDC performance
times TZ(A),‘TZ(A)"?Z(LA)
is 40 seconds

No explicit MCCRES Standard

for times ?S(I), T3(I),

13(A), T3(A), T3(LA);

estimated minimum time 19 seconds

Standard for GC performance

times Tg(1), To(1), 14(A),
T4(A), T4(LA) 1s 45 Seconds

Times of Flight Ts(I), T5(1),
To(A), Ts(A), To(CA)is

35 seconds

Battery performance time for
I1lumination portion of mission
is 7 minutes; for HE portion

of Mission 11 minutes

FO will locate target position
to within 200 meters

FDC will plot target position
by determining DE & QEsettings
to within : 3 mils; this trans-
lates into a radial error of

50 meters

GC will implement DF and QE
settings to within I3 mils.
This equates to an additional
allowable radial error of 50
meters

Standard for Battery perform-
ance

- I1lumination: area ade-
quately illuminated

- HE: no more than 3 adjust-
ment rounds; at least one

round within 100 meters
of target

Figure B-22.
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We consider first the Illumination portion of the mission.
MCCRES time standards and element proficiencies are used to generate Gamma
densities fo, uj(t), which serve to characterize the time elements associ-
ated with the Illumination phase of the mission. This characterization is
conditioned on a number n of intermediate adjustménts. Denote this time
variable T(n). Specifically, define
5

LD DR ALY

i=] (41)

5
LOEDIRIQ

i=1

Then
T(n) = T(1) 4 ar(A) (42)
Now set
w2 (0 (D (D)
y (A) . ](A) + Lt(/\) + ll\(LA)
u(n) = (1) + ny(A)
To(n) = 0.9 + 0.9n
Then
7-T°(n)
Prob[T(n) < 7] = 0 fa, up(t)dt (43)

Nc¥, adjustments continue until "adequate” illumination has been achieved.
It is estimated that the number of adjustments required to satisfy this
criterion is characterized appropriately by a combination oﬁ the distribu-
tion appearing in (39), and a distribution pry(n), n=0,1,...,4, induced by
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the conditional estimates appearing in Table B-4. For convenience, denote
the distribution of (39) by pi(n), n=1,2,3,...,5.

To be precise, the density pI(n) is given weight .3 and the

density pII(") is given weight .7. Moreover, the density pII(") is given
as (q(k) the same as in (38)):
p11(0) = (.5)q(1)
p11(1) = (.5)a(1) + (.5)q(2) + (.3)a(3) + (.3)q(4)
p11(2) = (.5)q(2) + (.7)q(3) + (.7)q(4) + (.3)q(5)
+(.3)q(6) + (.2)q(7), (45)
p11(3) = (.7)a(5) + (.7)a(6) + (.8)g(7), '

7
prp(4) = 1 -,

Consequently, we define the density p(n), n=0,1,...,5, as

p(0) = (.7)py;(0)
p(1) = (.7)pp (1) + (L3)py(1)
p(2) = (.7)py;(2) + (.3)pg(2)
p(3) = (.7)py;(3) + (.3)p(3)
p(4) = (.7)py(4) + (.3)p(4)
p(5) = (.7)p(5)

Thus, the (unconditioned) Battery performance time T for the Illumination
part of the mission satisfies (recall (33) and (44)):

Prob [T<7] = 2: Prob(T(n)<71p(n),

§E j- faa u(n (t)dt . p(n). (47)

The HE portion of the mission in regard to the number of adjust-
ment rounds required, is assumed characterized by the form of the density
{45), with the exception that the probabilities q(k) are generated using
the parameter value 42 = 1002 + 502 = 12500. That is, at the termination
of the Illumination adjustment cycles, it is assumed that the guns will be
on target to the extent that a 100 meter bracket on the target has been
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TABLE B-4.

Annulus
(AL\

Ay
A2
A3
Aq
A5

e

CONDITIONAL ESTIMATES OF ADJUSTMENT ROUNDS REQUIRED FOR THE

COORDINATED ILLUMINATION MISSION

Number of
Adjustment Cycle
(N, . Ny

(0, 1)

(1, 2)

(2, 3)

(2, 3)

(2, 3)
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achieved. Represent these g-values by q(k), k=1,2,...,8. Then the density
resulting from (45) and the g-values q(k) will be symbolized pi1(n),
n=0,1,...,4. The probabilities pyi(n) will be used to weigh the time-
aspect probabilities resuiting from use of appropriately generated Gamma
densities; i.e generating v - values vi (the same procedure as in the Adjust

Fire mission. Thus proceeding, define
5
I SN )]
i=1 i —
5
(O RN
i=} i

i=1
(48)
f(n) = T{I) + aT(A)+T(LA) .
() = 5D+ 5, (D) + 5, (1) -
o(A) = G](A) + Gz(A) + 64(A)
S(LA) = G](LA) + GZ(LA) + \34(LA) -
\.,\'(n) = G.I(I) + nGZ(A) + \'}'4(LA)
Togn = 1.2+ 0.9 L
Then
N-To(n) ‘
Prob[T(n) < 11] = f fo (n)t)dt. (49) -
0 ;]
8-73
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.................

An (unconditioned) estimate of Battery performance time T in this HE
portion of the mission is given by .
4 11-To(n)
prob (T<111 = 2| [ ¢ (tat] 5 (n).
n=010 a,v(n) ' 11 (50)
The probability of no more than 3 adjustment rounds in the He
portion of the mission is clearly (reference equation (45)):

P11(0) + pr1(1) + B11(2) + B11(3)

=1-pp;(4) = ké q(k). (51)

Comment: The likelihood of at least one round
of HE within 100 meters of target
(forg 2 = 12500) is essentially 1.

Thus, we have using (7), (47), (50), (51):
‘«L(DFo; DFDC’ ch |m3)

7 | (52)

=Prob(T<7].Prob[T<11] . z:] a(k)
k=

D. FITTING THE BATTERY PROFICIENCY MODEL

From the sections above, we see that we need to fit the inter-element
coordination time reference, for example Task 3 of Figure B-7, so that we
get rough agreement between the element proficiencies and the implied
battery proficiency under MCCRES evaluation. We do this by incrementing
the minimum coordination/communication time of 19 seconds uniformly across
missions so that the Battery Proficiency Model produces cutputs consistent
with subjective data gathered from the Artillery Command and Staff
Questionnaire. We display the relevant subjective data from the Artillery
Command and Staff Questionnaire in Table B-5.

We see in Table B-5 twenty-four items grouped into 3 sets of 8. The
first set represents the subjective evaluation of the 8 respondent's
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TABLE B-5. BATTERY PROFICIENCY VERSUS ELEMENT PROFICIENCIES (IN PERCENT)

0 ~3 O Y B W N D - O U W N e

00 ~N O U & W N =

BATTERY

70
70
60
60
90
40
50
70

90
90
80
80
90
60
80
80

100
90
80

100
S0
70
90
S0
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80
90
S0
80
80
50
80
80

100
90
70
90
90
70
90
90

100
90
80

100
90
70
90
90

FIC

50
70
70
80
90
50
30
70

80
90
90
90
80
60
80
80

100
90
90

100

100
10
90
90

70
70
70
90
90
40
50
60

90
80
90
100
90
60
80
80

100
100
100
100
S0
70
90
80

]




concerning the MCCRES scores (in 10's of percent) which would accrue to a

battery which had been through one "shoot" together before the MCCRES

scoring. The second set of 8 represents the analogous scores after four
“shoots"” together. The third set is after 7 “shoots" together. All the
respondent's, except #4, place the battery proficiency somewhere between
the element proficiencies. Number 4 seems to find some substantial effect
on battery proficiency due to the amount of training together.

We would like to construct some simple model which would "smooth"
these data. The model we choose is of the form

Pbat = (PF0)3(Prpc)P(Pgc)c. (e)d (53)

which says that battery proficiency s some medification of the product of
the independent proficiencies of the elements. This modification is in the
form of a product of roots of the element proficiencies times a constant ed
where e is the base of the natural logarithms and a, b, ¢, d are parameters
to be determined from data.

By transforming equation (53) by logarithms we get a linear model in
the logarithm of proficiency:

In(Ppat) = a In(Pfg) + b In(Pgpc) + c In(Pgc) + d. (54)
Now we can use a linear regression to fit equation (54) to any set of data
for (Ppat, PFO> PFDC, Pgc) that we choose. Tab C of this Annex discusses
the method we use to determine the parameters a, b, ¢, and d.
If we fit all the data in Table B-5 we find

a=.19 b=.394 c=.294 d-=-.017 .
[f we exciude all battery entries below 70% proficiency we get
a = .252 b= .417 ¢=.270 d=-.023 ,

which is reasonably consistent with the first set, cuts the residuals by a
factor of 4, and does not force us to fit at proficiencies where we do not
expect to operate. The hardest entry to fit in this case is the 4th entry
in the second set of Table B-5. This entry represents the view that
pattery proficiency can be distinctly less than the proficiency of the
least proficient element.

However, our simple model in equation (53) is not meant to

account for coordination proficiency explicitiy. And although we could
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represent coordination proficiency in terms of a decrease in coordination

time as the battery trains together, we do not have any consistent_

measurements which would allow us to do so. We have fit the data sets in
Table B-5 separately, but we have found no consistent trend in the d
parameter, or in the geometric mean of a, b, and c, which would indicate an
increasing coordination (d gets smaller) as we move from the first set (one
shoot) to the last set (seven shoots).

With this information in mind, we fit the parameters again
excluding datum 4 of the second set in Table B-5. We get

a=.353, b= .440, ¢ = .376, d = -.009 .

With this set, the battery proficiency depends in a more balanced fashion
on all the element proficiencies with the FDC slightly more influential
than the others: Since d = -.009 is quite small, we might try to fit this
again forcing d = 0. We then get a = .451, b = .471, ¢ = .386.

These values of a, b, ¢, and d cannot be taken too seriously.
For example, if we include two more datum by adding in the #4 entries from
the first two sets of Table B-5 then we find the best parameters to be (but
the residuals almost triple)

a = .468, b = .479, ¢ = .071, d = -.019

so that now the FDC and FO are equal contributors and the GC can be ignored
in the calculation of battery proficiency. Again forcing d = 0, we get a =
.686, b= .546, c = .079. With all these combinations, we make the
analytic judgment

5 5 .4
Poat = (Pro)™™ (Pepe)™™ (Pge)™ (55)

which places equal weight on FO and FDC and slightly less on GC. Also the
coefficients are of such a size as to yield a reduced Ppat indicative of
some coordination depression.

To fit the Battery Proficiency Model we set Prg = Prpc = Pgc = .8
and equation (55) tells us Ppat = .73. We then set our coordination time
so that the Battery Proficiency Model predicts about Ppat = .73. A good
coordination time seems to be about 29 seconds, which lies in between the
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minimum of 19 seconds and the maximum of 45 seconds (subjective extraction
from Field Manual procedures). Thus, 29 seconds is a reasonable average
coordination time for a battery that has trained together so that the.
element proficiencies are all about 80 percent.

Although continued training together would 1likely increase the
coordination proficiency (represented by an average decrease in coordina-
tion time) we have no current means of representing it. Furthermore,
turnover among in the FOs, FDO, X0, and Section Chiefs will affect this
value in some negative way, but we have no model! of learning or unlearning
effects upon this "coordination crew". Therefore, in all analyses to
follow, the Battery Proficiency Model will be run with a coordination time
of 29 seconds.

E. RESULTS FROM THE BATTERY PROFICIENCY MODEL

Based on the fit of the previous section, we are now able to apply the
Battery Proficiency Model in order to assess the effects of training on
battery performance. To do this, we first assume that the Battery trains
together, so that the number of training events each element participates
in is the same, and is equal to the number of training events experienced
by the battery overall. We address differential elements training
afterwards.

The curves in Part I of this Annex describe the proficiency levels of
each element depending on training. For the same amount of training
(number of events or number of events per year) the Exhibit then represents
the average proficiency levels of the FOs, the FOC, and the GC. Putting
these three proficiencies into the Battery Proficiency Model will yield an
overall battery proficiency which we can then plot as a function of amount
of training.

Figure B-23 represents the battery attainment curve, the quantitative
relationship between the number of training events (one to two days of
live-fire exercises) and proficiency. This curve assumes a training rate
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of 3 live-fire training events, on the average, every 10 weeks ({about 5
live-fire days).

Figure B-24 represents the ‘“proficiency maintenance” curve. It
displays the quantitative relationship between the number of live-fire
exercise days, or mixed live-fire/subcaliber exercise days, per year and
the "steady-state" or "long-term" proficiency of the battery. By nature of
its assembly from the element curves in Part I, Section E, it includes the
median turnover recognized by those elements, and all the caveats of
Section E apply.

Figure B-25 represents the gain in proficiency due to intense training
just before deployment. That is, this curve assumes no turnover and that
one live-fire exercise will occur per week. Using this curve, it is
possible to approximate how long it would take to bring a battery up to a
desired proficiency when it has been maintained at a lower state of
proficiency - some number of weeks of training will be needed to bridge the
gap. Finally, Figure B-26 describes the decay of proficiency due to lack
of training while a battery is, for example, maintained at sea.

The results described so far apply under the situation in which the
battery elements all train together. However, it might be useful to give
some elements some additional training in the hope of a cost effective
increase in overall battery proficiency. In order to identify where this
might best occur, we can use the Battery Proficiency Model in an analytic
mode.

For example, suppose the battery is operating at the 75 percent level.
Then first fix the FO at 75 percent and look at the combinations of FDC
proficiency and GC proficiency which maintain the battery at about 75 per-
cent. Figure B-27 describes such a relationship. Similarly fix FDC at
85 percent and let FO and GC float; Figure B-28 represents this case.
Figure B-29 represents the analogous case holding the GC at 85 percent.

These figures indicate that the battery's performance 1is most
critically dependent on FO proficiency. Thus, it is reasonable to
recommend steps which would lead to cost-effective proficiency increases
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for FOs. For example, a policy which would keep FOs in the OP might
accomplish this at no extra ammo cost.

B-87




—)
.

N

u
L)

oo

(Vo]

10.

1.

12.

13.

ANNEX C
REFERENCES

"The Effect of Task Complexity and Task Organization on the Relative
Efficiency of Part and Whole Training Methods," J. C. Naylor and G. E.
Briggs, Journal of Experimental Psychology, Volume 65, 217-224, 1963.

"Team-Training Effectiveness Under Various Conditions,” J. C. Naylor
and G. E. Briggs, Journal of Applied Psychology, Volume 49, No. 4,
223-229, 1965. .

"Industrial Psychology - Its Theoretical and Social Foundations,"
Milton L. Blum and James C. Naylor, Harper & Row, New York, Evanston,
London, 1968.

"Military Training and Principles of Learning," R. M. Gagne, American
Psychologist, Volume 17, 83-91, 1962.

"Second Interim Report for the Determination of Ammunition Training
Rates for Marine Forces Study,' BDM/W-DHC-7233-82, 10 September 1982.

"Industrial Psychology," Sixth Edition, E. J. McCormick and J. Tiffin,
Prentice-Hall, Englewood Cliffs, New Jersey, 1974.

“Mathematical Psychology, An Elementary Introduction,” C. H. Coombs,
R. M. Daves, and A. Tversky, Prentice-Hall, Englewood Cliffs, New
Jersey, 1970.

"Introduction to Mathematical Psychology," F. Restle and J. G. Greeno,
Addison Wesley, Reading, Massachusetts, 1970.

“Psychology: A Study of a Science," Volume 2, S. Koch, McGraw-Hill,
New York, Toronto, London, 1958,

"Readings in Mathematical Psychology," Volume I, R. D. Luce, R. R.
Bush, and E. Galanter, John Wiley and Sons, Inc., New York and London,
1963.

"Research and Theory on Learning Probabilities," W. K. Estes, J. Am.
Stat. Assoc., Volume 67, 81-102, 1972.

“Analytical Methods for Determination of Training-Device Require-
ments," K. W. Yarnold and J. Nehnevajsa, Operations Research,
Volume 9, 535-544, 1961.

"A Model for Industrial Learning Costs," M. D. Kilbridge, Management
Science, Volume 8, 516-527, 1961.

C-1




14,

15.

16.

17.

18.

19.

20.

21,

22.

23.

24,

25‘

26.

27.

28.

REFERENCES (Continued)

“Aggregate Planning with Learning Curve Productivity," R. J. Ebert,.

Management Science, Volume 23, No. 2, October 1976.

“Stochastic Models for Learning," R. R. Bush and F. Mosteller, John
Wiley and Sons, New York, 1955.

“Urn Models and Their Application," N. L. Johnson and S. Kotz, John
Wiley and Sons, New York, London, Sydney, Toronto, 1977.

"Psychology of Learning, 1960-1980," J. G. Greeno, American Psycho-
logist, Volume 35, No. 8, 713-728, August 1980. .

"How to Figure Learning Time," R. C. Smyth, Factory, Volume 101,
No. 3, 94-96, March 1943,

"Learning Curves Will Tell You Who's Worth Training and Who Isn't,”
A. R. Knowles and L. F. Bell, Factory, Volume 108, No. 6, 114-115,
June 1950,

“The Learning Curve Equation," L. L. Thurstone, Psychological Review,
Monograph, Volume 26 (3), 1919.

"The Learning Function," L. L. Thurstone, Journal of General Psycho-
logy, Volume 3, 469-491, 1930.

"A Rational Equation of the Learning Curve Based on Thorndike's Law of
Effect," H. A. Gulliksen, Journal of General Psychology, Volume 11,
395-434, 1934, .

"The Psychology of Learning," (2nd Edition), E. L. Guthrie, Harper &
Row, New York, 1952.

"The Behavior of Organisms: An Experimental Analysis," B. F. Skinner,
Appleton-Century-Crofts, New York, 1938.

“Principles of Behavior: An Introduction to Behavior Theory," C. L.
Hull, Appleton-Century-Crofts, 1943.

"Theoretical Relationships Among Some Measures of Conditioning," C. G.
Mueller, Proc. Nat. Acad. Sci., Volume 36, 123-130, 1950.

*Statistical Behavioristics and Sequences of Responses,” G. A. Miller,
and F. C. Frick, Psychological Review, Volume 56, 311-324, 1949,

“A Mathematical Model for Simple Learning,” R. R. Bush and F.

Mosteller, Psychological Review, Volume 58, 313-323, 1951.

[ el ]

[




29.

30.

31,

32.

33.

34,

35.

36.

az.

38.

39.

40.

41.

REFERENCES (Continued)

“A Stochastic Model with Applications to Learning," R. R. Bush and F.
Mosteller, Annals of Mathamatical Statistics, Volume 24, 559-585,
1953,

“Toward a Statistical Theory of Learning," W. K. Estes, Psychological
Review, Volume 57, 94-107, 1950.

“Psychological Facts and Psychological Theory," E. R. Guthrie, Psycho-
logical Bulletin, Volume 43, 1-20, 1946.

“A Modified Apparatus for the Study of Operant Behavior in the Rat,”
N.7Guttman and W. K. Estes, Journal of General Psychology, Volume 41,
297-301, 1949,

*A Theory of Stimulus Variability in Learning," W. K. Estes, and C. J.
Burke, Psychological Review, Volume 60, 276-286, 1953.

"Analysis of a Verbal Conditioning Situation in Terms of Statistical
Learning Theory," W. K. Estes, and J. H. Straughan, Journal of Experi-
mental Psychology, Volume 47, 225-234, 1954.

"Individual Choice Behavior: A Theoretical Analysis," R. D. Luce,
John Wiley and Sons, New York, 1959,

*Stochastic Processes and Learning Behavier," R. J. Audley, and A. R.
Jonckheere, British Journal of Statistical Psychology, Volume 9, 87-
94, 1956.

"A Stochastic Déséription of the Learning Behaviour of an Individual
Subject,” R. J. Audley, Quarterly Journal of Experimental Psychology,
Volume 9, 12-20, 1957.

"The Inclusion of Response Times Within a Stochastic Description of-
the Learning Be.avior of Individual Subjects," R. J. Audley, Psycho-
metrika, Volume 23, 25-31, 19%8.

"The Statistical Approach to Learning Theory," W. K. Estes, Psycho-
logy: A Study of a Science, Volume 2, 1959.

"Application of a Model to Paired-Associate Learning,”" G. H. Bower,
Psychometrika, Volume 26, 255-280, 1961.

“A Mode! for Response and Training Variables in Paired-Associate
Learning," G. H. Bower, Psychological Review, Volume 639, 34-53, 1962.

C-3

- 4 -——a A




42.

43.

44,

45,

46.

47.

48,

49.

50.

S51.

52.

53.

REFERENCES (Continued)

"A Fundamental Property of All-or-None Models, Binomial Distribution
Prior to Conditioning with Application to Concept Formation in
Children," P. Suppes and R. A. Ginsberg, Psychological Review,
Volume 70, 139-161, 1963.

"A Comparison of Paired Associate Learning Models Having Different
Acquisition and Retention Axioms," R. C. Atkinson, and E. J. Crothers,
Journal of Mathematical Psychology, Volume 1, 285-315, 1964.

"One-Trial Learning," L. Postman, C. N. Cofer & B. S. Musgrave (Eds )
Verbal Behavior and Learning, McGraw-Hill, New York, 1963.

"One-Trial Learning?" B. J. Underwood, and G. Keppel, Journal of
Verbal Learning and Verbal Behavior, Volume 1, 1-13, 1962.

"Short-term Retention of Individual Verbal Items," L. R. Peterson and
M. J. Peterson, Journal of Experimental Psychology, Volume 58, 193-
198, 1959,

"A Forgetting Model for Paired Associate Learning," H. A. Bernbach,
Journal of Mathematical Psychology, Volume 2, 128-144, 1965.

"Factors in the Retention and Relearning of Perceptual Motor Skills,"
E. A. Fleishman and J. F. Parker, Journal of Experimental Psychology,
Yolume 64, 215-226, 1962. '

"On Sustaining Procedural Skills Over a Prolonged Retention Interval,"
J. D. Schendel and J. D. Hagman, Journal of Applied Psychology,
Volume 67, 605-610, 1982.

“Contributions of a Part-Task Trainer to the Learning and Relearning
of a Time-Shared Flight Maneuver," J. A. Adams & L. E. Hufford, Human
Factors, Volume 4, 159-170, 1962.

"Relationships between Individual Proficiency and Team Performance and
Efficiency,"” W. M. Wiest, L. W. Porter, and E. E. Ghiselli, Journal of
Applied Psycholiogy, Volume 45, No. 6, 435-440, 1961.

"Sustaining Team Performance: A Systems Model," C. M. Knerr, D. C.
Berger, A Popelka, Mellonics Systems Development Division, Washington
Scientific Support Office, P.0. Box 1286, 5265-A Port Royal Road,
Springfield, VA 22151, 31 March 1980.

"Determination of the Contribution of Live Firing to Weapon Profi-
ciency," T. R. Powers, M, R. McClusky and D. F. Haggard, Human
Resources Research Organization, 3000 N. Washington St., Alexandria,
VA 22314 (ARI Technical Report TR-75-A1 AD-A036060), March 1977.

c-4




.
o

54.

5.

56.

57.

58.

9.
60.

61.

62.

63.

64.

65.
66.

REFERENCES (Continued)

Technical Memorandum 10-77, “"Human Engineering Laboratory Mortar

System Test (HELMST-1),” D. J. Giordano, D. T. Ursin, 0. Zuban, T. E.
Dutchendorf, April 1977.

"Effects of Training Schedule and Equipment Variety on Retention and
Transfer of Maintenance Skill,” J. D. Hagman, US Research Institute
for Behavioral and Social Science, 5001 Eisenhower Avenue, Alexandria,
VA 22333, November 1980.

“TOW System Evaluation,"” Directorate of Evaluation, Dev. Report No. 3,
US Army Infantry School, Fort Benning, GA 31905. i

"Mortar System Evaluation (8Imm and 4.2 mch)," Directorate of Evalua-
tion, Dev. Report No. 4, US Army Infantry School, Fort Benning, GA
31905, November 1977.

"Army Training & Evaluation Program for Mechanized Infantry Tank Task
Force,” (ARTEP 71-2), 23 November 1981.

TC 23-90, "Mortar Training," Folder B - 94-153, Folder A - 1-93.

“Adequacy of M16A1 Rifle Performance and its Implementation for Marks-
manship Training," A. D. Osborne, L. Mellonies, J. C. Morey, S. Smith,
Army Research Institute, US Army Research Institute for the Behavioral
and Social Sciences, September 1980. '

FM7-11C "Soldier's Manual," 11C10 Indirect Fire, Infantryman, 11C20
Skill 1, Skill 2. -

"The Status of Infantry TOW, LAW and Dragon Training in USAREUR,"
H. L. May, W. A. Bupton, G. E. Manthey, General Research Corporation,
WestPark, McLean, VA 22101, November 1977.

"Chapaal Skill Retention," J. L. Shielde, Army Research Institute for
the Behavioral and Social Sciences; J. Van West and J. R. Van West,
Applied Sciences Associates.

“Summary of the ARI-Benning Research Program on M16A1 Rifle Marksman-
ship," S. Smith, J. T. Thompson, J. C. Morey, US Army Research Insti-
tute for the Behavioral & Social Sciences, A. D. Osborne, Mellonies
Systems Development Division Litton Systems, Inc., June 1980,

Infantry Weapon Committee Program.

"Evaluation Planning for Armor Training Devices (Draft)," J. A.
Boldovier, HUMRRO, Fort Knox, Kentucky.

C-5




1\ 9

7.

68.

69.

10.

1.
72.

73.

74.

15.

76.

7.

78.

79.

80.

REFERENCES (Continued)

“Effects of Tank Crew Turbulence on Training Tank GunneryA

Performance," N. K. Eaton, J. F. Noff, US Army Research Institute for
Behavioral & Social Sciences, September 1978.

"Factors Affecting Unit Performance, A Literature Review and Prelimi-
nary USAFAS/ARI Findings"; J. A. Mittenburg, G. W. Gardner, C. L.
Atkins, D. K. Wallestal, April 1981,

"Preliminary Plan for a Potential USAFAS Sponsored Study of the
Effects of Long Term Continuous Duty on Howitzer Crews Performance,"
Dr. L. M. Crumbley, June 1970.

"Weapon System Training Effectiveness Analysis 155mm HOWITZER (SP
Section), (Draft Final Report)," M. H. Rosen, T. E. Chitwood, Jr.,
R. K.  Matluck, Litton Mellonies System Development Division,
Washington Scientific Support Office, 5265 Port Royal Road,
Springfield, VA 22151, 25 June 1979,

"Observations on Training in USAREUR - 810 (m)," 29 June 1981.

"Training Devices & Simulation,” US Army Field Artillery School, Fort
Si11, OK, October 1980.

"US Army Comprehensive Data for Training Devices," US Army Training
Support Center, Fort Eustis, VA 23604, March 1980,

"Training  Ammunition," TC-25-3 (Draft), Training Ammunition
Guidelines, September 1980.

"Training Devices for TOW and Dragon," D. A. Memorandum for Auditor
General, 13 March 1981,

"Weapon Crew Training Test 81mm," TRADOC Combined Arms Test Activity,
Fort Hood, TX, (TRADOC Trms No FT 463) (TRADOC Trms No FT M60 Tank},
9 April 1982.

“Comprehensive Plan for Training Devices," US Army Training Support
Center, Fort Eustis, VA 23604, March 1980.

“Optimization of Skill Retention Through Initial Training Analysis and
Design," McFann, Gray & Associates, Inc., December 1981.

;Fggld Artillery Weapon Committee Recommendation," ATSF-DC, 29 April
982. _

"Performance Objectives," NAVMAC 2600 Series.

C-6




REFERENCES (Continued)

81. Index & Description of Army Training Division 310-12, June 1980.

82. “Weapons Crew Training Test," TRADOC TRMS #FT 463 (Detailed Test Plan)
(TCATA), 9 April 1982.

83. “Battalion Training Model (BTM)," (part of a multi-volume study).

84. "Tank Crew Stability and Tank Gunnery Performance," US Army Research
| Institute for the Behavioral and Social Sciences, AD77963.

85. “Assessment of US Tank Crew Training," Major J. A. Larson, Dr. W. K,
Earl (ARI), and V. A. Hensen, Ft. Hood, TX, TCATA Test Report No.
FM331, July 1976.

' 86. "Tank Crew Position Assignment," US Army Research Institute for the
I Behavioral & Social Sciences, ARl Technical Report 391, 1979.

87. “A Prototype Crew Drill Training Program for XMl Tank Gunnery:
Company Commanders Manual," US Army Research Institute for the
Behavioral & Social Sciences, ARI Research Product 79-17.

] 88. "Tank Crew (M60A1) Performance Ex rcises," US Army Research Institute
for the Behavioral & Social Sciences, ARI Research Product 79-15.

89. “Tank Crewmen M60A1 Readiness Test," US -Army Research Institute for
the Behavioral & Social Sciences, ARI Research Product 79-13, 1978.

i Ce 80. "Tank Crewman (M60A1) Training Modules," US Army Research Institute
for the Behavioral & Social Sciences, ARl Research Product 79-14.

91. "A Study of Selected Problems in Armor Operations," US Army Research
Institute for the Behavioral & Social Sciences, ARI Technical Report
TR-78-A35.

92. "Evaluation of the Effectiveness," US Army Research Institute for the
Behavioral & Social Sciences, ARI Technical Report TR-76-A2.

93. "Survey of Army Weapons Training and Weapons Training Devices," US
Army Research Institute for the Behavioral & Social Sciences, ARI
Research Memorandum 76-8.

i

94. “"Analyzing Tank Gunnery Engagements for Simulator Based Process

Measurement," US Army Research Institute for the Behavioral & Social
Sciences, ARI Research Report 1227.
i - oy
c-7
i PN - “‘1
1
. o
, 1
] - -

i
i
3
S




N 3 o

9s.

96.

97.

98.

9.

100.

101.

102.

103.

104.

105.

106.

107.

REFERENCES (Continued)

"M60A1 Tank Gunnery Data Handbook," US Army Research Institute for the.

Behavioral & Social Sciences, ARI Technical Report TR-A7.

*Analysis of Tank Crew Performance Requirements for Multiple Target
Engagements,” Miller & Hayes, US Army Research Institute for the
Behavioral & Social Sciences, ARI Res. Memo 77-11, December 1977.

"Retention of Motor Skills,” Review by Shields and Katz, US Army
Research Institute for the Behavioral & Social Sciences, September
1978.

"Transfer of Training and Skill Retention," Leonard, Wheaton, and
Cohen, US Army Research Institute for the Behavioral & Social
Sciences, October 1976.

"Cross-Validation of Predictor Equations for Armor Crewman
Performance,” Maitland, Eaton, and Deff, January 1980.

"Training on Modern Tanks: Simulators Raise the Level of Training,"
DTIC AD894699C, 1972.

"The Training Effectiveness of Table VII of The Tank Gunnery
Qualification Course," HUMRRO Research Report.

"Implementation and Evaluation of the Tank Crew Training Program for
USAREUR Units": VA HUMRRO, G. Kress and W. J. McGuire, US Army
Research Institute for the Behavioral & Social Sciences, September
1979. -

“IER for DTIIl of Caliber .50 Subcaliber Training Device for 105mm Tank
Main Gun," April 1978.

"Net Assessment of Tank Crew Training: An Analysis of Company Tank
Crew Gunnery Scores." Ft. Hood, TX: US Army Research Institute for
the Behavioral & Social Sciences, Dr. K. Earl, Research Product Review
78-11, August 1978.

"Operational Test of Caliber .50 Subcaliber Training Device for 105mm
Main Gun Tanks and Innovative Test of TELFARE," Ft. Knox, KY, USAAEB.

"Program Management for Tank Crewman Skills Training Program": KY
HUMRRO, R. E. O'Brien and W. J. Crum, US Army Research Institute for

the Behavioral & Social Sciences, Research Product 79-16, November

1979.

"Reserve Component Armor Crew Training: Israel, Federal Republic of
Germany and the US." Carlisle Barracks, US Army War College, Col.
W. J. Jefferds, LTC(P) E. V. Kelly, and Col. T. L. Wagner, May 1976.

c-8

P S SRS




108.

109.

no.

1n.

na.

n3.

REFERENCES (Continued)

TCATA Test Report FM376. “Caliber .50 Subcaliber Training Devices for
105mm Main Gun Tanks." Ft. Hood, TX: TCATA, LTC A. E. Racine, CPT
F. T. Humphrey, Jr., CPT M. V. Harper, CPT C. F. Booker, CPT J. L.
Smith, Jr., SSG P. A. Lutgert, June 1977.

"The Retention of Tank Crewman Skills": VA HUMRRO, Coborn, Campbell
and Harris, US Army Research Institute for the Behavioral & Social
Sciences, ARl Research Report 1234, December 1979.

“M60A1 Modified Weapon System Training Effectiveness Analysis,"”
TRASANA Rpt 4-78. ’ .

"German Tank Gunnery 1978," TRADOC Liaison Office, T-52-78 Technical
Report.

"Report on German Training and Use of Devices," TRADOC Liaison
Office - FRG Periodic Index Number 10, 1976.

"Update on the Tank Turret Trainer/Simulator for Training Turret
Mechanics,” TRADOC Liaison Office Technical Report T-108-78.

€-9




AN e ams O S I—— - ” - - . e ——— 20 Bie et eud i et e — — . -

e

TAB A-1

TANK GUNNERY QUESTIONNAIRE

—
{

1

-

—_— -




— .

TANK GUNNERY QUESTIONNAIRE




Personal Data

1.
2.

s W

(81)
.

Name

Rank

Yhat is your current position?

How many years have you been in the USMC?

What experience have you had in tank gunnery? Please describe jobs
you have h>d conducting or supervising tank gunnery training to in-

clude how iong you served in the job and briefly what the job entailed.
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6. Briefly list your military assignments below:

Date Position Unit/Location Brief Job Description
From To

e | ____
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M60 TANK TRAINING AMMUNITION REQUIREMENTS QUESTIONNAIRE
A.  INTRODUCTION

The Marine Corps Development and Education Command has commissioned a
study of training ammunition requirements for crew-served weapons. This
questionnaire, which deals with the M60 tank, is one of a number being sent
to selected individuals with a knowledge of training in particular weapons.
Its purpose is to obtain judgement on how variations in the use of full
caliber and subcaliber ammunition, and simulators, affects the level of
proficiency of M60 crews. The results of the questionnaire will be used
along with data from other sources to assess required training ammunition
use rates. A review system will then be established to check the results
in practice. The data, to be obtained from routine Marine Corps training,
will confirm the results of the current study or indicate changes needed
to ensure proficiency. -

The questions are designed to obtain your best estimate of the
effect on proficiency of different levels of ammunition use. Different
training strategies are described in terms of the combination of full -
caliber and subcaliber ammunition, and the amount of simulator training.

We also ask that you prowvide separate answers for crews attempting to
qualify for the first time, and crews who have qualified previously.
Please read each question carefully to be sure you are considering all
the factors involved.

B. QUESTIONS

1. Expected Crew Test Results

We would like to have your estimate of the proportions of crews
falling into the ratings of distinguished, superior, qualified, and un-

qualified under different conditions. Figures 1.a and 1.b display different

sets of training cases based on FM 17-12,
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The cases differ in the amount of simulation used prior to crew
training (pre-table and Tables I-V), and the amount of subcaliber ammunition
substituted for full caliber in Tables VI, VII and VIII live fire. Zero
confirmation is assumed to be conducted with full caliber ammunition.

Figure 1.a asks for performance estimates for crews gualifying
the first time. Figure 1.b asks for the estimates for crews that have

qualified at least once before.
The categories of qualification are based on the crew performance
in Table VIII as follows: )

Qualification Category % of Maximum Table VIII Score

Distinguished 90 or better
Superior 80 or better
Qualified 70 or better

Please indicate in the blank spaces on the right half of Figure
1.a what percentage of crews qualifying for the:first time that you
would expect to achieve the qualifications indicated for each training-
strategy case. For example, consider case 1.1 following the first
training strategy which uses no simulation training and fires full
caliber (F) live fire for zero confirmation (ZC), Table VI, Table VII,
and Table VIII, a total of 162 rounds of ammunition per crew. In the
blanks to the right of case 1.1 indicate what percentage of gun crews
you would expect to achieve 90% or better (Distinguished), 80-89% (Superior),
70-79% (Qualified) and less than 70% (Unqualified). Note that the total
of the numbers you have entered on the four blank spaces should equal
100. Now, consider case 1.2 which follows the same training strategy
but substitutes subcaliber (SC) training for Table VI, reducing the
amount of full caliber ammunition to 122 rounds per crew. Again on the
four spaces to the right, indicate your estimate of the percentage of
gun crews in each category of achievement. Continue the process for the

A-1-5
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remaining cases. Note that case 1.3 substitutes subcaliber firing for
Tables VI and VII, and that cases 1.4, 1.5, and 1.6 are the same as case
1.1 except for the total amount of full caliber live ammunition per crew
which is changed by factors of 1/3, 2/3 and 3/2. Strategy 2 calls for a
mix of 30% simulation and 70% subcaliber in crew training and firing
Tables I-V. Each case under this strategy (2.1, 2.2, and 2.3) is changed
by substituting subcaliber firing in Tables VI and VII as indicated.
Strategy 3 uses simulators in 90% of the crew training for pre-table and
Tables I-V, and the cases are changed in the same manner as strategies 1}
and 2. After filling all blanks on Figure 1.a, proceed to Figure 1.b and
complete in the same manner, except your estimates should be based on
expected results of requalification tests for crews that have previously
qualified.
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2. Expected Platoon Test Results

We would like your estimates of platoon performance in Table IX
as a function of ammunition usage. Ffigure 2 describes combinations of
subcaliber and full caliber, and different levels of full caliber with
no subcaliber. In the spaces provided on the figure, please indicate
for each case the percentage of tank platoons you would expect to achieve
each of the qualification categories. The categories correspond to the
same percentage of maximum score as for tank crews, e.g., "Distinguished"

applies to a score of 90 percent or better. Again, your totals for each
case should equal 10Q.

3. Expected Variations in Scores

It is important to know the uncertainty associated with your
estimates. The two following questions address the issue.

a. What variation in the percentagé of crews in each category

would you expect? + percent. _ i
b. Yould this variation apply to all the scores you listed_in
Figures 1 and 27 (Yes/No). If "No", please indicate in the fotlowing

space how the variation would differ among the training cases.

A-1-9
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TABLE IX AMMO USE EXPECTED PLATOON TEST RESULTS
Distinquished Superior Qualified Unqualified
(90-100%) (80-89%) ~(70-79%) T{Less than 70%,

A1l full caliber (96F)*

1/3 subcaliber (32 SC/64F)

2/3 subcaliber (64 SC/32F)

2/3 full caliber (64F)

1/3 full caliber (32F)

3/2 full caliber (144F)

Number of rounds; F = full caliber; SC = subcaliber.

Figure 2. Expected Platoon Test Results

A-1-10

g
'




-

P

4., The Effect of Turbulence on Crew Performance
Turnover within crews, receipt of new equipment and other turbu-
lence factors affect crew proficiency. Considering the following cases
of crew make-up and using training strategy case 1.1 with subcaliber
(zero simulation) preliminary_training and a)l full caliber crew training
(Tables VI-VIII), please show the results in the table below that you
would expect for the following cases:

CASE % OF CREWS IN EACH CATEGORY

Distinquished Superior Qualified Unqualified
(95-%0025 l8%—§§i$ i70-7§%5 {Less than 70%)
Case 1. Crews that have been
together and qualified

for at least one full
year.

Case 2. Crews with one new
member - the gunner.

Case 3. New crews (at least
3 out of the 4 men new,
including a new gunner).

How accurate do you consider these estimates? + %.
5. Impact of Crew Requalification

Assume tank crews have to continue testing until they qualify.
If reductions of full caliber ammunition in the Tables increases the
number of crews who do not qualify, the cost savings from reduced ammunition
use might be lost in the process of retraining and retesting. Of the
crews that fail on their first attempt to qualify each year, indicate
your estimate of the proportion of crews requiring one, two or more
attempts in order to become qualified:

a. One repeat %

b. Two repeats )
¢. More than two %

A-1-11




6. The Effect of Turbulence on Platoon Performance
Turbulence will affect platoons as well as crews. Please show in
the following table what results you would expect for different mixes of
experienced and inexperienced crews ip a platoon.

CASE % OF PLATOONS IN EACH CATEGORY
Experienced Inexperienced Distinguished Superior Qualified Unqualified
Crews Crews (90-100%) (80-89%) 570-79%5 {Less than 70%
5 0
4 1
3 2
2 3
1 4
0 5
o
A-1-12




' 7. Effect of Frequency of Crew Training

' TC 25-3 recommends one qualification and one sustainment

‘ . program per year. We would like your estimate of the effect of changing

I the frequency of sustainment programs. Assume a training strategy case
1.1 with subcaliber preliminary training, i.e., zero simulation, and

a nominal expenditure of full caliber ammunition for Tables VI-VIII.

Please show in the table below the results you would expect for the

following cases for tank crews that have already qualified:

Case 1: A sustainment program conducted every three months after the
qualification program. (4 per year)

Case 2: A sustainment program conducted every six months after the
qualification program. (2 per year)

Case 3: A sustainment program conducted every nine months after the
qualification program. (1.3 per year)

T——"

b Case 4: A qualification program one year after a successful qualification,
with no sustainment programs in betwéen. (None)

% OF CREWS 'IN EACH CATEGORY
CASE Distinguished Superior Qualified Unqualified
. (90-100%) (80-89%) ~(70-79%) T{Less than 70%)

(Every 3 Months)

—

~N

(Every 6 Months)

w

(Every 9 Months)

-

(None)

A-1-13
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8. Effect of Frequency of Platoon Training
‘I This question is the same as 7, but applies to platoons. The cases
are the same as listed in Question 7. )

% OF PLATOONS IN EACH CATEGORY
CASE Distinguished Superior Qualified Unqualified
(90-100%) (80-89%) ~(70-79%) TLess than 70%)

1 (Every 3 Months)

.2 {(Every 6 Months)

3 (Every 9 Months)

4 (None)

A-1-14
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81mm Mortar Questionnaire

Pert 1 General Instructions

Part I1 Standards of Proficiency

Part III Questionnaire for the 8imm Morter
Platoon Commander and or 8imm Mortar
Section Sergeant.

B-1-1




Part 1 General Instructions

Tre Marine Corps Development and Education Command has commissioned

a study of training ammunition requirements for crew served weapons
including artillery and mortars. This quéstionnaire deals with mor-
tars. You have been selected to respond to this guestionnaire becauae
of your recognized knowledge of training and performance in mortar
weapons. The purpose of the gquestionnaire is to obtain your judgement
on such issues as the contribution of live firing to section and platoon
proficiency, the contribution of simulators end training devices to
secticn and pletoon proficiency, the frequency at which training should
be conducted and the effects of personnel turnover and crew skill
dezradstion on section and platoon proficiency.

Thie qucstionnaire has been prepared for the 8imm mortar Platoon
Commancer and or the 81mm mortar Section Sergeant. The questionnaire
nas been prepared for s limited number of personnel. Therefore your
responses to the questions will have a significant impact on the re-
sults of the study.

Please read each question carefully snd thoroughly consider your response.
The nature of the subject material in this study is abstract. There are
limited sources of "hard” verifiable data for this type of study.

Your individual bank of experience is the best source of information

and you nave been selected for this questionnaire based on your exper-
ience snd knowledge.

Many of the questions are complex and call for judgments to be made. A
ma jor theme of the questionnaire desls with the relationship of the
"live firing" of ammunition to "proficiency” or the ability of a section
or platoon to perform in an accurate and responsive msnner. Section
Sergeants and Platoon Commanders tend to hsve different standards of
proficiency and to define proficiency in differing terms. For the pur- b ]
poses of uniformity we define "proficiency” in terms of accuracy and time. ]
For any given mission, there are accuracy and time criteris.or standards :
for each function.

These standards or criteria are taken from Marine Corps Order 1510.35 ]
The Individusl Training Standards (ITS) System Volume 1, Training »
objective for the Infantry Occupational Pield 03, and from ARTEP 7-15. - =
Most of the standards cited in the former reference are taken from FM

23-9.

These Standards are listed in Part II of the questionnaire. Please
take time to review these standards before attempting to answer the
questions.

For purposes of this questionnaire, if the section or platoon performs 1
to the accuracy and time standards established for a given type of mission

thet section or platoon is 100% proficient. It passed the test and satis-

fied the criteria. If the section or platoon did not perform to both 9
the sccuracy snd time standards established for a given type of mission, — N
that unit fuiled and thus its proficiency in thet mission is zero per

cent proficiency. B-1-2




The questionnaire addresses many subjects in terms of a per cent
of proficiency. For purposes of this questionnaire, a section

or platoon which is 80% proficient is one which performs its re-
quired functions within the accuracy ard time criteria in 80% .
of the total missions fired. During a series of normal live
firing exercises, it is anticipated that the section or platoon
will fire a wide variety of missions (Adjust Pire, Registrations,
Illumination, Smoke, and Fire For Effect missions).

Each type mission may have criteria for each section of the platoon
and for the platoon as a unit. These are presented in Part II as
previously noted. It is further assumed that in the course of a
series of normal live firing exercises that certain types of missions
such as "Adjust Fire®™ missions will be fired more frequently than
other types such as "Smoke"”; and that registrations will be fired more
frequently than Illumination missions.

If a platoon live firing exercise consisted of 1 Registration, 6 Adjust
Fire missions, 1 Illumination mission and 2 Fire for Effect missions

(a total of 10 missions), the platoon proficiency and section pro-
ficiency would be measured by their ability to perform to the accuracy
and time criteria for each type mission. If the platoon or section

met the standards for both accuracy and time in the Registration
mission, in 5 of the 6 Adjust Fire missions and in the 2 Fire for Effect
missions and failed to meet the standard in 1 of the Ajust Fire missions
and the 1 1llumination mission, the platoon or section satisfied the
criteria in 8 of the 10 missions fired. Therefore its proficiency for
that live firing exercise would be 80%. :

Other questions in the latter portion of the questionnaire address the
attainment and maintenance of proficiency in a specific type of mission.

Again, please consider the questions and your response carefully. Your
cooperation and the information provided is sincerely appreciated.
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Part 11
Standards of Proficiency

Sources MCO 1510.35 1Individusl Training Stendards (ITS) -
System, Volume 1, Training Objective for the
Infantry Occupational Fleld 03.

MANIPULATE MURTAR _FOR TRAVERSING AND SEARCHING FIRES

Conditions:

Given a mounted 81mm mortar laid on aiming pocts with
2800 mils deflection and 1100 mils elevation, assistant
gunner, and firing data in the form of an initial firc.
command for one traversing mission and orie sesrching —ission
(number of rounds specified must be four). Gunner will pre-
pare gun to traverse left or right but will not relay on
aiming posts until fire command is given.

Standardss

1-<Traversing Mission: Within 80 seconds, the gunner
will insure sight is correctly set for elevation, command
"FIRE" for each round, and cross-level and search (number of
turns to be given in initisl fire command). After tne last
round is fired, the mortar will be searched down/up the
number of turns given in the fire command, cross-leveled e
and will be within 20 mils for elevation.

ENGAGE A TARGET USING FiIRE WITHOUT AN FDC_(DIRECT LAY AND DIRECT ALIGNMENT)

Conditions:

Situation 1--Acting as the gunner, given a mounted 8imm
mortar (baseplate settled), HE ammunition, firing table, a
target observable from the mortar positions, and an assistant
gunner, ammo bearer, and squad leader.

Situation 2--Acting as the gunner, given a mounted 81mn
mortar (baseplate settled) laid on a directional stake, HE
smmunition, firing table, a defilade mortar position from
which target cannot be seen, an assistant gunner, amno bearer,
and FO/squad leader.

Standards: o
Situation 1--Direct lay method: Gunner, within 4 minutes,

will engage a point type target at a range of 500 to 1000 meters
using no more than L4 rounds.

B-1-4
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Situation 2--Direct alignment method: Gunner, within
7 minutes, will engage un are¢s target at & range of 1000 1
to 2000 meters using no more than 5 rounds.

ADJUST PIRE WITHOUT AN FDC, USING DIRECT ALIGNMENT ]
Conditions:

As g mortar squad leader acting as the forward
observer for the mortar complete with crew, binoculars,
compass, identifiable target, and designated OP position. T
(The OP position can. be either within 100 meters of the —
mortar position or within 100 meters of the gun-turget ]
(GT) 1ine.) L

Standards:

Within 10 minutes, the observer must achieve effect on
target within 5 adjustments. The round must land within 50
meters of an ares target or 25 meters of a point target to
achieve effect on a target.

FIRE A LADDER MISSION USING FIRE WITHOUT AN FDC (DIRECT ALIGNMENT) =

Conditionss

Acting as the squad leader, given a mounted 81mm mortar
complete, in a defilade position, mortar crew, a direction N
stake with mortar laid on it, an FO position with observable -
targets, ind a firing table. "

Standards:

Target will be tsken under effective fire within S minutes. '

PIRE A TRAVERSING MISSION USING FIRE WITHOUT AN FDC i ]
Conditionss S
Acting as the squad leader for an 81mm mortar, given a
mounted 8imm mortar complebe and laid for direct alignment ~
in a defilade position, an FU position within 100 meters of
the mortar, with observable targets and a firing table.

Standards:

Within 5 minutes place effective fire on a wide target -
using traversing fire.
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ENGAGE A DEEP TANGEY USLING SEARCHING F1RE WITHOUT AN FDC

Conditions:

Acting as the squad leader, given a mounted 81mm mortar
complete, in a defilade position, mortar crew, a direction
steke with mortar laid on it, an FO position with observable
targets, and a firing table.

Standards:

Target will be taken under effective fire within 5 minutes.

PREPARE FDC OHDER

Conditions:

Given a cell for fire, plotted target, and a computer's
reccrd (DA Form 2399--R).

Standards:

Fill out the FDC order portion of the computer's record
(DA Form 2399--R) within 2 minutes for the mission given.

16 TING BUARD FOR UPERATLIUK AS AN UBSERVED CHART AND DETER- ‘;*
MINE INITLIAL FLRING DATA 0. PLIVO ) N

Conditions:

Given an M15 plotting board, a computer's record form,
range and direction to the reference point (RP), firing table
(FT) 81-AI-3 or the card firing table packed with the ammunition,
a referred deflection of 2800 mils., and a No. 2 pencils. L

Standards:

Within S5 minutes, prepare the M16 plotting board and come
puter's record IAW FM 23-91.,

PRUCESS SUBSEQUENT PU CURRECTIUNS USING M16 PLUITING BOARD (PIVOT POINT)

Conditions:

Given an M16 plotting board prepared for operation for a
registration mission, to include deflection scale and a firste

round plot that is lebeled and marked; firing tables; computer's
record with heading and FDC order completed; No. 2 pencil; TA-
312/PT; FO's call for fire; and three subsequent corrections.

B-1-6
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Standards:

1. The M16 plotting board must have the registration
point (RP) correctly labeled and marked and the computer's
record must contain the following information without error:
‘ a. Call for fire.

: b. Initial fire command.

c¢.. Observer corrections.

d. Subsequent commands.
e. Rounds expended.
2. Corrections must be computed and data recorded on
computer's record within 1 minute after being received from

the FO. All corrections must be within 1 mil with a 10 mil
tolerance for deflection ar.d 25 meters for range.

PREPARE M16 PLOTTING BOARD FUH OPERATION AS OBSERVED CHART (BELUW _PIVOY
INT ) AND MUDLM CHART

indition:

As the fire direction computer for sn 81mm mortar, given
an M16 plotting board, 1:50,000 map, tabular firing tables,
overlay of company's area of responsibility to include mortar
position, and referred deflection.

Standards: .

1--Prepare the Mi6 plotting board a&s an observed chart
§below pivot point) within S minutes and accomplish the follow-
ngs

g8. Determine direction of fire within 1 mil with a
tolerance of 10 mils.

b. Determine mounting azimuth without error.

¢c. Superimpose referred deflection that corresponds
to the mounting azimuth,

d. Plot all known locations of mortars, targets, and
reference points without errors.,

2-=Prepare the M16 plotting board as a modified observed
chart within S mirutes and accomplich the following:

a. Determine grid intersection.
' B-1-7




b. Establish a coordinate system which represents
all of the company's area of responsibility.

¢c. Plot location of mortars accurately to within
10 meters (8-digit coordinates); targets and reference point
accurately to within 100 meters (6 digit coordinates).

d. Determine direction of fire within 1 mil with a
tolerance of 10 mils.

e. Determine the mounting azimuth without error.

f. Superimpose the referred deflection that
corresponds to the mounting azimuth,

PRUCESS SUBSE%UENT FU CORRECTLIONS USLING M16 PLOTTING BOARD AS A MODIF1E)

Conditions:

Given an M16 plotting boerd prepared for operation as a
modified observed chart, to include coordinate system; de-
flection scale; mortar and reference point plotted; firing
tables; computer's record with heading and FDC order completec
?o. 2 pencil; FO's call for fire; and three subsequent correct

ons.
°
Standards: o

1==Determine deflections to the nearest 1 mil, with a 10-
mil tolerance.

2-=Determine range to the nearest 25 meters.
3=-=Convert range to the correct charge and elevation.

l==Record rounds expended without error.

TZTZRMINE DATA FOR SHEAF ADJUSTMENTS

Conditions:

Given a section with the base mortar (No.2) registered,
FDC equipment, and a request for sheaf adjustment. I
Standards: - !

Determine firing data for sheaf adjustment to include:

1--Deflections to the nearest 1 mil with a 10-mil o

tolerance., B-1-8




DETERMINE

2-=Tanqge t6 the nearest 25 meters with a 2?S-meter-
tolerance.

3--Converting determined ranae to the correct charar
and elevation.

DATA FROM RE-REGISTRATION AND APPLICATION NAF CORPECTINIS

DETEPMTNE

Conditions:

Given a reqistration point and a directive tn re--ecietes
and to determine the corrections to amnlv, F*DC ecujrrent, -r7
firing data sheet.

Standards:

Determine firing data for re-registration and amnlv c~r-
rections to include:

l-=Determining de€lections to the nearest 1 mil t~l-
erance.

2--Determining ranae to the nearest 25 reters with
a 25-meter tolerance.

3--Converting range to correct charae and elevat:i~n,
4--Replotting tarqet locations.

5-="osting corrections to firina data sheet.

FIRING CORRECTTIONS

Conditions:

Civen the altitude of mortar nosjition and taraget, chart
deflection, chart, range, adjusted deflection, And adjusted
ranae.
ftandards:

Determine correction to include:

l--*1ltitude correction within 1 meter.
2--Pange difference to nearest 25 meters,
3--Range correction factor (RCF) tn within 1 meter.

4--Neflection correction to within 1 mil,

B-1-9
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Source: ARTEP 7-15

I TASK
Fire registration and confirm/adiust a narallel cheaf.
Adjust final protective fire (V).
Il Prevent enemv observation of friendlv movement,
CONDITIONS

An FO is directed to adjust a reaintration usina the base
mortar and adjust the remainine tvr mnrtars rarallel to the
base mortar. TDC provided current retrn messaae.

Another FO is aiven coordinates n0¢ an aesianed FPF not more
than 200 meters forward of friendlv trrnans,

The FO effects advance coordination *ith the *nNC and nlans

a smoke screening mission to conceal the movement of a
covering force. One minute of mhscuratinn is recuired.

CTANDARDS -

rlatoon/section adjusts and records firina data within 12min-
utes. Last adjusting round immacts within 50 meters o€ the
desired reqistration point. Subsecuentlv, parallel sheaf
adjustments are completed within 12 minutes.

il Adjustments are completed within 20 rinutes and final adiust-
. ing round impacts within SU meter=s o¢ assianed taraet.

Platoon/section establishes an effective screen within 12 rin-
utes after the target is identified bv the "0 and maintaine
the screen for 1 minutes.

Engage an area target.
Shift fires to an area target, ‘q
Fire final protective fire.

Encage an area target.

CONDITIONS

An area tarqget representina a Squad-=ize enemv reconnasssance

patrol is identified.
8-1-10
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lmmediately after tne above FiE rounds impact, a
target representing a halted enemy scout vehicle
is identified witnin J00 meters of the target
previously engaged.

A target representing a survey team is located

within transfer limits of the registration point
by the FU using polar plot method.

Conduct MPL registration.

CUNDITIONS

The registration is conducted by observers.

TRAINING/EVALUAYION STANDARDS

TASK

Hegistration corrections are computed and recorded
within 15 minutes using not more than 11 rounds.

Provide battlefield illumination.
Fire illumination w/coordinated EHE.

CONDITICNS

FO calls for and adjusts illumination over suspected
movement.

Same target as previous illumingtion mission. Enemy
observed under illumination.

TRAINING/EVALUATION STANDARDS

Platoon/section adjusts and records firing within 12
minutes. Last adjusting round illuminstes the tar-
get area and burns out as it reaches the ground.

Continuous illumination is maintained for 2 minutes.

Platoon/section fires first illuminstion round witn
12 minutes, Coordinated HE is fired beneath illumine

atIon. Unit goes into FFE within O minutes.

B-1-1N
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Z7ANDARD OF GRADING TECHNICAL DATA:

A. Accuracy of Observer's Initial Data (distance
observer's initial data plots from target).

Observer-Tgt Dist OT Dist in
3,000 m or less excess of 3,000 m Rating
0-400 m crem—- 0-700 m cceceee Sat
over JOO M ccce-- over 700 M wecweee= Unsat

B. Speed of Adjustment# (minutes).

0-15  —ccesessccccccccccemccccacc—a-ao-  Sat .

#Speed of Adjustment:
Time begins when observer identifies target
and stops when all guns are ready to fire for
effect.

Time is determined by subtrating safety time
and total time of flight for all volleys in
ad justment from overall time.

C. Reaction Time for Final Protective Fire. Time —
after mission received at FDC {minutes). ®

D. Bffects1. Accuracy of fire for effect will be
graded on individual rounds landing inside the
target rectangie as defined below:

Width (perpendicular Platoon front or 100

to the line of fire) meters (whichever is
less) + 8 probable de-
flection errors +
rumber of meters sube-
tended by an angle of 1
3 mils at thezmortar 1
target range.

Depth . 30 meters + 8 probable e ]
range errors. ;

Ton "adjust fire" missions, it is possible for

an observer to follow proper observed-fire pro-
cedures and still go into fire fcr effect up to 1

30 meters from the target. This is provided for I
as follows:
B-1-12
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a. When the plotted center of impact plots less than
SO meters radial distance from the location of
the target, the center of the rectangle is plsaced
over the center of impact, keeping the rectangle
oriented in the same relationship to the mortar
target line.

b. When the center of impact falls more than 50 meters
from the target, the center of the rectangle is
placed on the center of impact line 50 meters from
the surveyed location of the target, keeping the
rectangls oriented in the same relationship to
the mortar target line,

2This value compensates for the sllowable error in
laying ths tubes and reading chart deflection.

E. Rating for Rounds Inside Prescribed Rectangle.

i Number of Weapons PFiring
' Rating L 3 2 1
Sat 3 2 1 1

Unaat Under 3 Under 2 Under 1 Under 1

B-1-13




Part IIX

OQuestionnaire for the 8lmm mortar Platoon Commander Aand 81r~ martar
Section Seraeant.

1.

Please indicate the type(s) of mortar units vau have
served with, the billet in which vou served and the
length of time in each billet.

Tvpe Unit Number of Months Rillet

vou are currentlv .serving in what hillet?

HHlow long has it been since vou served in either the ““llet
of mortar Platoon Commander or mortar Secion Seraes=+"
Months

You will find that a gqreat number nf cuestions in this
questionnaire deal with the subject o€ "nro€icienc:r”,

vou will be asked to make judements concernine "Proficiency”
of the mortar section based nn exrosure to trainira snclud-
ing live fire training. In order to assist vou, *+:r terrm
"rroficiencv" is hased upon 2 elements, the ahilitv t~
perform accuratelv and the abilitv to perforr in a tirelwvw
manner. DBoth elements must he nresent to he "~rnficient”,
The criteria for both accuracv and time in anv tvne of
mission is extracted from MCN 1510.35 Individual Trainina
Standards and from ARTEP 7-15.

For purposes of this questionnaire, » mortar section +hich
is 80% proficient is one which is canable 0f nerformina the
required tasks within the accuracvy and time criteria in

80% of the total missions fired., Tf a mortar section

fired 20 missions of a various mix of Adjust FTire, Peaistr-
ations, Smoke, Tllumination, etc., and satisfied the accur-
acv and time criteria in 16 of those missions, that rortar
section would be considered 80% nroficient. Tf the section
satisfied the criteria in 18 of those 20 missions, the
section would be considered 90% nroficient.

Please review the portions of Part IT that relate to the
mortar section with resmect to the criteria for nrnficiencv
in various tvpes of missions.

A. Do vou believe these standards are attainable and real-
istic? VYes No

B. If anv three mortars sections were selected at random
throuchout the Battalion and tested in one week usinqg
the proficiencv criteria in Part II, how do vou think
the averaqe section wonuld be evaluated?

B-1-14
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. 81-90%

p 71-80%

3 61-70%
51-60%
below 50%

i

How do vou think the hest nf the three sections would be
evaluated?

-~ -

90-100%
81-90%
71-80%
61-70%
51-60%
below 50%

S. In vour experience please address the fnllnwina auestions:

A. Estimate the averaae number nf davrs ner month that vour
mortar section participates in live fire trainina.
davs per month perind.

B. Estimate the number of live ronunds exrended bv the mor-
tar section on the averaaqe live firina dav. 2
rounds per firing dav

T
0

Rased upon vour answers to auestinns 5 A, and B, Ao vou
believe that vour mortar section fires more fremuently
or expends more live ammunition ner shont than other
mortar sections of the Pattalion. "eck (1) (2)ori3)and
check aquestion sutksecion if apnlicable.

() (1) Mo, rm mortar section trains with live €i~inna
about as frecuentlv as other mortar sections
I have observed.

() (2) Yes mv mortar section trains more freaquentle
with live firing than the average mortar
section, Check one:

a. 10% more freauentlv
b. 20% more frecuentlv
c. 30% more frecuentlv
d. 40% more freaquentlv
e. more than 40% more freauentlv

— T P ey P~
P e

() (3) No mv mortar section trains with live firina
less freaquentlv than the averaae mortar -
section. Check one:

), a. 10% less freaduentlv
) b. 20% less frequentlv
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) 30% less frequently
) LO% less Trequently
) more than [0% less frequently

P~ g~
Vs e

® Ao

Skill Learning and Degradation

While it is recognized that many factors may tend to degrade the
proficiency of the mortar section, two major factors are skill

degradation and personnel turbulence or the turnover of personnel
within the¢ section. The following questions relate to the train-

ing situction where there is no turnover of personnel within the
section “cr-a period of 6 months.

6. Assume that your section had three experienced squad leaders
but tzat all other mortar personnel recently arrived from
FST. Given the normal amount of classroonm instruction,
irstructions on the mortar and mortar drill, how long would
you expect it would take before the following squads were
preparec to participate in a live firing exercise?

1 sguad in months
2 scuads in months
3 squads in months

7. After their first live firing exercise of 1 to 2 firing days,
wnat would you expect their proficiency to be, based on the —
standarés stated in Part II? : -

10% proficient
20% proficient
30% proficient
40% proficient
C% proficient
50% proficient
70% proficient
—_B0% proficient
90% proficient
—_103% proficient

8. What kinds of problems would cause the section proficiency to
be less than the required standamd. Fill in the following
blocks as appropriate. Mark 1 for the most important problem,
2 for the problem second in importance, 3 4L S etc in order of
declining importance. Mark O if the block presents no problem

Individual lack of knowledge of the mortar .
Individuasl lack of knowledge of procedures relating t
his jobt.

Individual inability to apply correct procedures to t
required degree of accuracy

individual inability to apply correct procedures with - -
the required time 1
Individual instility to apply accurate and timely pro
cedures in conjuncticn with other members of the squa

other (specify) g_y.16
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10.

11.

The "all new"” section (3 squads) now has completed one live
firing exercise of 1 or 2 days. Instruction on the mortar
and mortar drill is conducted until the next live firing
exercise, a period of time in accordance with your answers
to question 5. A second live firing exercise is held and
your section participates. At the conclusion of the second
live firing exercise, how would you rate their proficiency.

10% proficient
20% proficient
30% proficient
40% proficient
0% proficient
60% proficient

70% proficient

80% proficient

90% proficient
—__100% proficient

What kinds of problems would cause the section proficiency to
be less than the required standard. Fill in the following
blocks a3 appropriate. Mark 1 for the most important problem,
2 34 5 in order of importance. Mark O if the block presencs
no problem,

Individual lack of knowledge of the mortar

gidividual lack of knowledge or procedures relating to
s job

Individual inability to apply correct procedures to

required degree of accuracy

Individual inability to apply correct procedures within

required time

Individual inability to apply accurate and timely pro-

cedures in conjunction with other members of the squad

other (specify)

How would you anticipate that section proficiency would improve
in subsequent live firing exercises conducted at approximately
the same time interval as stated in your answer to question 5?
Mark an X in the approgriate line.
Live Firing Exercise
Prof%c;ency 3rd L4th Sth 6th 7th 8th
0
20%
30%
L0%
50%
60%
70%
80%
90%
100%

B-1-17
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12,

13.

14,

15.

16.

Referring to vour response to cuestion 11, i f 6 cruarde ¢ all
new crews were randomlv selected for evaluatinn after 2 live

firing exercises, would vou expect the averame nrnficienc: to
agree with the proficiencv levels noted in ocuestinn 11?2

Ves

Mo, the averaage section would be
10% more proficient
20% more proficient
30% more proficient

. 1o, the averaqe section would be
10% less proficient
202 less proficient
30% less proficient

If 6 mortar squads were randomlv selected and evaluated, tie
best squad would be t more proficient than the avera~e
squad: the worst squad would be ¢ less nroficient than
the averaqge squad. -

Assume that vour squad section were comnosed of tvnical marines
who had been participating in classroom instruction, ‘nstructinn
on the mortar, ect, and had been firing "live" fire tn the de-
gree vou indicated in your answer to auestiman 5, Cnuld veu
evaluate the vroficiencv of vnur scuads or sections withmut
observing them in live firing, “ves Lo}

Referring to auestion 14, how does live firina effect section
proficiencv? Check the aprreopriate bhlock.

Block 1 Live firina does not materiallv effect vrnfic-
iencvy
Block 2 Live firing simplv validates the nroficiencv

achieved in non firina trainina, Tt demonstrate:
what we alreadv are capahle of doing

Block 3 Live firinag adds onlv a dearee of realism to
training. It is more exciting but does rmot ef-
fect proficiencv.

Nlock 4 Live firino directlv effects nroficiencv in a
material wav,

In the "fire for effect" phase of an adjust fire mission, the
accuracv of the firing can be measured hv the section or mlatoon
firina one round per mortar. DNo vou feel that firina more than
one round per mortar in effect increases the proficiencv of the
mortar prersonnel? VYes no

rlease exmnlain vour response:

B-1-18
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17. Based on vour experience, how frr~uentlv does the averaaqe
platoon or section fire rore thar a one round rer mortar
in the "Fire for Effect” nhase n® »n "Adjust Fire" mi=eion?

never ]
once in about 20 or more missions g
once in about 10 missions o
once in about 5 mMmissinnsg
everv other mission
everv mission

Il

18. Let us assume that vour sectinn ha=s reen trainina and vart-
icipating in live firing at the rate indicated in vour answer
to question 5 and that vour sectinn has achieved a 80% pro-
fieiencv. For reasons bevend the cantrel of vour unit, no
live firina is possible for a nmeric® n® 3 months. *t the end
of 3 months with no nersonnel turnere-, vour =ection narticinate
again in a 1Ive firinqg experience.

A. How much of a decline in the rrnficiencv of the section
would vou expect to exrerience. “roficiencv would decrease
from 80% to

75-79%

70-74% o
65-69% -
60-64% *“J

below 60% ..

o]

In a random selection of 6 rortar scuads, all of which were
80% proficient, the best scuad iould decline from 80% to
75-79% .
70-74% -
65-69% -
60-64% -
below 60%

PSTTPRRTEN

l

The worst squad would decline from 80% to .
75~79% -
70~-74% -l
65-~-69% :
60~-64%

helow 60%

l

C. In reference to questions 18A and 18R, vnuld the decrease "
in proficiencv be due to: ———

Mark 1 2 3 4 in order of immortance. ‘*fark 0 i€ not a nre-
blem.

squad personnel not working toqether as a team effort
in the required time -
some squad personnel individuallv slow in apnlvina —
current procedures

some sauad personnel individuallv makjina errors in

procedure

some sauad personnel forcettina the correct nrocedures

B-1-19

|| ]

H U I S DR PP Y anlhmadh " P I S o o S




'« ~"iven the proficiencv decrease =tated in wvour respone
tn question 18A, how manv additimnal live firing ex-~
rrcises at the rate specifjed in vour answer to

auestion 5 do vou think wnuld he required before the
sectinn aqgain achieved a 80% proficiencv?

more live firina exercise
more live firina exercises
more live firing exercises
more live firina exercises
-aor more additional live firina exercises

VW=

E. ~f the section fired twice as freouentlv as vour answer
+n auestion 5, how manv live firina exercises would be
rrruired to again achieve a 80% proficiencv? Check
the appropriate block,

3
o]
b |
o

live firing not reauired
more live firina exercise
more live firing exercises
more live firina exercises
nore live firing exercises
more live firinag exercises
more live firing exercises
more live firina exercises
more live firinag exercises
more than 8

NN WO

o —

The followina questions deal with the subject of personnel turnover
and' its effect on the proficiencv of the unit., *»=sume each squad
has a Squad header, a Gunner (no. 1), 2ssistant Cunner (no. 2) and
two Ammunition Handlers (Nos. 3 and 4).

19. that has been vour experience with personnel turnover within
vour section(s)? In an averaae 6 months neriod, what is the
average number of personnel rmer scuad that would be lost threoual
transfer, end of enlistment, reassignment, =chonls or €or nther
reasons.
none
one
tvo =
three %
four C

Do vou think this is representative of the averaae mnrtar section?
Yes - No a squad in the averaade section would lose
personnel in 6 months. .

S

20. When vou lose personnel, where do their replacements crme from? o)

$ from non Trained personnel ]
t from other trained personnel
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21. 1f your section trained at the frequency described in
guestions 5 and were 90% proficient, do you feel that
replacing 1 of each squads ammunition handlers in a 3

month period would cause a material drop in section pro-

ficiency? No
decrease from 30% to .

Yes, proficiency would

' ' 22. In reference to question 21, do you feel that the replace-
I ment of 2 ammunition handlers in each squad in a 3 month

No
90

AP

v -r'n =

A.

A.

B.

D.

A.

25. 1f your section was 90%
indicated in question S,

period would csuse a materisl drop in sections proficiency?

Yes section proficiency would decrease from
o %.

23. in reference to question 21, how would you evaluate the
loss of a i

one gunner or assistant gunner in each squad in 3
months

no material effect

section proficiency would decrease from 90% to __ %

-
o
L]

the 3 squad leaders in 3 months
no material effect
seotion proficiency would decrease from 90% to __ %

N

of the 3 squad leaders in 3 months
no material effect
section proficiency would decrease from 90% to %.

24. By conducting non firing and live fire training at the usual
interval (question 5§) could you maintain the sections 90%
proficiency?

How many months at this training raste would be required
before your section could regoin the 90% level of pro-
ficiency mo.

1f tae frequency of live firing were increased 50%, how
rmeny months would be required before your section could
regain the 90% level of proficiency? mo.,

ir you were required to regain 90% section proficiency

witnin 45 days after the turnover of personnel, how many
live giring days do you think your section would need?
ays.,

Do you feel that section proficiency of 90% could be re-
gained without live firing? Yes No

How many personnel per squad could be replaced each month
before the section proficiency decreased from 90% to 8o%?

B-1-21
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N 26.

27.

one ner month
.. two per month
. three per month
D. four per month

Q!>

B. How many personnel ner sauad could be renlaced each
month before the section rroficiencv decreased fron
90% to T70%?
Ans. ___ personnel rer souad per month.

T vour section proficlency declined because of nersonnel
turnover. how would vou nrefer to see trainine conducted
tc rer~ain vour sections 907 oroficiency level. ™Mark 1. 2.
3 etc. 1in order of importance. If not anmplicable, leave
blank.

~nrovide special instruction to new nersonnel on the
mortar. .

conduct more mortar drill to enable new merbers to

become familiar with sauad and section.

conduct rore live firine.

——

Tf vour section norrally rarticirates in 2 days of live
firinr at le2st once per month. and you exrerience 2 turn-
over of nersonnel which reduces vour section nroficienc:
from 90%~70%.

#. Fow rany months at this trainine rate would be re~uired
before your seation could re~n2in thne 90% level c¢f nro-
“iciency ro.

w =

E. If the freauency of live “irin~ were increased to 3 dars
07 1've firiner ner month, how manv months would be
recuired before your section could reecrin the 90% level
0® rro®iclency? _  rn.

C. If veu vere reauired to rerazin 99% battery rro“iciencv
within 4€ dnas a“ter the turnover o€ nersonnel, hew many
live “frinr cavs de vou think vour seetlon would need?

dave,

D. Do vecu feel that sectinn rreflelency o° 90% could be re-
rained without live “irine? “ves no
E. If the secticn nro“ictercy drorned frem 90% to 707 be-
cause ¢“ nersnnnel turrover, how much n® an imnrovement
in pro“!cifeney ceuld te anticirated without live firinec? .

_Preflicicner of 00% could be re~ained without live “irine
PreTicieney. 0 857 could he re~ained withmut live firin~
Preaficicney of 205 cruld be re~2ined witrout live “irin~
Prc”iclency of 755 cnuld be re~=1ined without live “!prine
"roflciencr of less than 75% cruld be rerained «?!:h~it
l've “ir‘ne
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The follovwine nuesticns offect the use of tratn'n- - -l " n=a,
simulators and trainine devices and their c¢ffect ~n ur’c -~ -
ficliency.

28. 'hat trainine devices have you had the ~nrortunits t- une?
List devices
1)
2)

MW =W
e e

29. Yhich of these devices are 2vallable for urse in —eyr - t'an
or rlatoon?

30. As a tool for trainine personnel. what s vour evali=-lcr
of current ra2ining devices?
thev are cf verv little v=2lue
thev are of some value
they are of considerable value
they are verv irmnortant in trainine perscrnnel

31. In an averace 22 dav tralnine rmoenth. 2arprexi-ately =ow mane
davs are devoted to the followines tvres r~€ moartars ¢r=inin-,
davys ¢f live firin~ trainine
édavs ¢® trzinine usine train*ne devices
days ¢© trezinine usine mortar team drill
davs of trazinine usiner none o¢ the above
davs where no mortar related trainin~ i3 concucs=d

32. In referrinr to aquestion 31 what breskdown in ¢ in
davs are devnted to the followine tvres o€ mortars trainir-.
devs o live fire trainine
davs o0® treininc usine trazinine devices
davs ¢f traininr usine mertar drill conlv
davs of trainine usiner neone of the above

33. '"hat 1s vour nrinciral criticism of traininer devices !° anv.
Yarx ___. in order of irmmortance. 1 most irmertant. 2 rext
Imreortant. ete.

no c~iticism

they 2re not desirned to effectivelv ‘mrrove individual

srund or section prerfornance
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35.

36.

37.

they do not adequately meusure the time aspect of
squad or section performance

they do not adequately similate the conditions of
live firing }
they are basically boring tc use

they do not present a challenge to mortar perscnnel
to learn

Let us assume that your section is not very gproficient

(50%) because of a heavy turnover of personnel. In 6

months your section will te evelueted using the standards

in Part 1l. There will te no live firing exercisee until
the evaluation is administered. You may use any type of non

" 1ive firing trainirg, simulator, devices, etc. How would

you estimate the section would perform in live firing at the
evaluation?
91-100%
81-90%
71-80%
61-70%
51=-60%
no betier than 50%
below 50%

What devices or simuletions would jou use to attain that
level. Explain,

Referring to question 34, suppose the evaluation wer: to be

given in 3 months, instead of six months. With no live firinr

prior to the evaluation, how would you estimate the section/ -
platoon‘would perform in the evaluation?

91=-100%

81-90%

71-80%

61-70%

51=60%
-no better than S50%

below S50%

Vo you feei that the answers to questions 34 and 35 would be
different if you had more capable training devices? Yes

No

What specifically do you desire to see in a training device
that helps train your section or platoon? Explain:
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38,

39.

Lo.

L1,

Referrin; to question 34, what non firing treining
approaches woulé you use to attain the proficiency
checked? Please make 1,2,3,4 etc. in order of
importance.

training devices

mortar drill

classroom instruction

mortar drill in a field enviroment
instructon on the mortar

21
:-.;.
o3

training devices do you find to be effective
in training your personnel? List in order of import-
ance,

Let us assume that the frequency of fifing and the number
of rounds fired in question 5 resulted in a certain level
of proficiency measured in accordance with the standards
stated in rart II.

A. If the live firing frequency were decreased by 1/2 on
an annual basis and training devices were substituted,
what effect would this have on section.proficiency?
Check one. '

proficiency would remain about the same
‘proficiency would increase 10% to 20%
proficiency would incresse more than 20%
proficiency would decresse 10% to 20%
proficiency would decrease more than 20%

B. 1f the live firing frequency remained the same but the
number of live rounds used in each experience were
decreased by 1/2 on an annual tasis, and training
devices were substituted, what effect would this have
on section proficiency? Check ons,

proficiency would remain about tne same
proficiency would increase 10% to 20%
proficiency would increase more than 20%
proficiency would decrease 10% to 20%
proficiency would decrease more than 20%

Can you suggest an approach that would increase and/or
maintain section proficiency at a high level with a reduction
in the use of live ammunition? Explain:
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,42.

L3.

L.

us.

How much of a reduction in live ammunition can be achieved
can be achieved using the approach in Question }1?

Have you ever taken the MCCHES evaluation. Yes No

How well did you unit do? passed failed

There are many kinds or types of mortar missions which the
section or platoon may be called upon to fire. The following
type missions are examples.

Registration

Adjust Fire

illumination

Coordinated iLllumination with HE
Smoke

Fire for Effect without adjustment

P

1t is recognized that different methods of fire, different
ammunition and fuzing combinations are associated with these
missions. Let us assums that the mortar section has certain
procedures to learn in order to properly conduct an "Ad juat
Fire™ mission and that the learning of thimse procedures by the
section present some degree of difficulty. Assume the section
is 30% proficient in conducting an Adjust Fire mission.

Do you find the procedures used with a registration are
more difficult for the mortar sections to learn than
those used in the "Adjust Fire”™ procedure?

A. The precision registration procedure is
easier to learn than the "Adjust Fire" mission
about the same degree of difficulty as the "Adjust
Fire" mission
slightly more difficult to learn than the "Adjus:
Fire" missinon
materially more difficult to learn then the “"Adjust
Pire" mission
one of the most difficult of all firing missions
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). umination mission procedure is '

6. The lliaaier to learn thag the "Adjust Fire” mission
about the same degree of difficulty as the “Adjust
Fire® mission . .
slightly more difficult to learn than the "Adjust
Pire* mission )
materially more difficult to learn than the "Adjust
Fire"mission

wone of the most difficult of all firing missiors

L7. ‘“he Coordinated Illumination/HE mission procedures are
easier to learn than the "Adjust Fire" mission
about the same degree of difficulty as the “Adjust
Fire®™ mission

slightly more difficult to learn than the "Adjust
Fire"™ mission

materially more difficult to learn than the "Adjust
Fire™ mission

one of the moat difficult of all firing missions !

48. The Smoke, H8 mission procedure is

easier to learn than the "Adjust Fire™ mission
about the same degree of difficulty as the "Adjust
slightly more difficult to learn than the "Adjust -
Fire"” mission 4
materially more difficult to learn than the "Adjust
Fire mission o
one of the most difficult of ell firing missions -]

49. The Fire for Effect mission procedure is ood
Easier to learn then the "Adjust Fire™ mission 4
about the same degree of Qifficulty as the "Adjust
Fire" mission ]
slightly more difficult to learn than the "Adjust

Fire™ mission :
meterially more difficult to learn than the "Adjust oA
Fire mission -
one of the most difficult of all firing missions

The following questions deal with the Forward Observation
function wita the 81mm mortars.

0. In tpe course of an average month of training within -
the battery, assuming 22 working days per month, how

many days does the average mortar FQ devote to the
following:

days of live firing exercises
days of participation directly with the FDC in -
"dry run® nissions
days of unit schools or instruction for the FU
in FO techniques, mission respcnsibilities or matters
directly related to the FU function .
days of self taught instruction on FU subjects
days of training devices or simulations -
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1.

52.

\S 1]

N

(VY]

__ davs of other T0 ~cti-*1°
davs where other »rn-nr.* y Tammmtéemarte rreclulde ane

7 FC related trainin-.

.

In referrine to your resronce &tn Aauac-tan §0,
the decision of Low trainine time c~.17 he allocated to tetter

imnrove the FO proficiency. “~w unul-: ~u allocate the tra2ainine

davs in the cateoriles 1i;tcd tn nuestinn 507

days in a month.

days of 1live

’

fir!n~ nxer2'zer

__days of partlciration Cirectl ="' the ¥
missions

igue. rmissicon

days of unit schocls ecr inciruc. - “or t
- tters directlv related

resprnsililitier -

to the F0O function

davs of self taurht instructi-=
days of trainine devicern nr i~y

o~

sud
st ians.

IR

days of other ™0 activities

dayvs where other resnonsib*litia-

3

FO related traftnine.

sunnose Tou

nad

Assume 22 werkine

DC 4n "drv r

he #2 in

‘tects

-r

un”

techn-

~mitrent~ rreclude any

Zxplain your reasons for the ii“fer2rce *‘n ~llacntion tire,

1 trainine davs were zllrcrted 2as vru cu~rest
what kind of increase in rre“lciency ~~uld vou expect that the
averare TN would exnerience over 2 - ~onth reriod?

less then 10¢

increase

"~ between 117 and 207 lincrease
__between 217 ~nd 307 ‘ncreacse
between 319 and 409 increase

between U41% and 505 increase

more than a 507 increase

“hen the ) 1s on the obhservaticn rost (77) »=
live fire nlatton exercise, norrallv how manv

nresent on the 0OF?

The 0 conductine the rission i norrmallvy

there 15 usua

11lv ene rther FO or the OT

tnere zre usually twe other FOs ecn the NT

in auestior 51.

rticipatl
cther FCs

clone.

there are ucually three other ¥Cs on the C®

there are usuallv mnre than three other FCs cn the

n

-
aw

~ -

Y
- o
od

e

Tf vou were an FC present on the 0OF observine the nerfor~ancz =°

another ¥" conductine 2 live fire ~isrion.

rroficiency would beneflt”?

ro

net n2terlally
ves, there would te a material tenefit

more benefit then cther forms ¢f Instructicn such

ine~ devices,

si~ulntion. etec.
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“0llowine nuestiorns deal with the subiect o live firine and

its efferct on V2 pron©iclency. Some of the nuestinns mav anpear
te be selT-evident: hcwever, the auestionnaire 1s attemnting to
islente thnse FO functions which are procedural in nature and
can be mastered without the use of live firinr~. those funclons
which heavilv derend on live fire as a "learnine” vehicle.

55.

56.

57.

58.

59.

69.

One nrincipal responsibility of the FO {= to locate the
tarret. ‘'ould vcu aecree thet an FO with normal T/FE
enuinrent, a“ter locatine himself and analvzine the
terrain, can locate the tarret without firine?

7es __ __ No

Referrines to nuestlion 55, in "rollineg' to "hilly" terrain.
how accuratelyvy would vou exnect the averare FO to be
cnrnable of determinin~ the locatine of a stationary tarret
arnroximately 3300 meters from the F0? The 2 has bino-
culars, compass, 1/50.000 ran.

_within 100 meters
100-200 rmeters
T 200-300 meters
~ 300-400 reters
__ more than 400 meters

Dn wvou feel 2 terrain znalvsis reauires live firino?

Ves Yo

Given that vou hzve determined the locrtion af the
tarret and -transmitted the "Call for Fire'" to the FNC
for ar "Ad'ust Fire” =*ssion., do vou telive the cnnduct
of the r-diustrent 'rhase of an "tdjiust Fire' mission is
a 2i°°1cult »rocedure to master?

Yes o
Vo marny fAdtyst "ire” tvre missions usine live armun-
1t'mn e oy Teel an M must cnonduct in order to attain
s . rmro©fciencv in this tvne mission.

~issions

Peferringe tec ouestion 59, 2rproxiratelv hew many live
fire "Adtust Fire" type missions ~er ncuarter (3 months)
de vou taink an FO should conduc to ~2intain an 80%
proficlencvy in this one twre riz=sicn?

___Trer nuerter

. B-1-29
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1. The *0 renulires 2 knowledre of the effects N varia:-
tvres of fuze and ammunition combinations in ~rde- <~
decide how to enrare certain tvnes of tarrets. “Field
manuals onrovide sorme ruidance in this area. Mbvi~urle
sone live firinr is reacuired for the FO to see the :
effects in real life. Assume you, as the FO nn an
annual basis, nersonallv oberved 1 mission each invel.
ving the use n® VE w/PD, delav, PD sureraquick. Ti're.
VT, WP, Smoke., Tllumination. Do vou need tn see »rre
than this number ner vear to retain this dats in vour
memorv?

.._f.-r',',.,, W f,T-

Ves e
62. If the answer to auestion 61 is "ves" how manv ti=e-
per vear? )

__ 2 times/year
3-4 times/veer
5=6 times/vear
more than 6 times/vear

63. In the adfustment phase of a reesistration. do veu
#4ind that the adiustment of the base rortar invnlves
any different procedure then the adfust-ent rhase of
tvpical "Adjust Fire” rmissicen?

Ves No -

— e — — e ——

If ves, rlease exnlain how the adfustrent rrocedure
differs.
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65.

66.

Assuming you can conduct an "Adjust Fire" mis:ior in a pro-
ficient manner,

A. how many live fire Registration missions must jyou conduct
to ettain an 80% proficiency in this type registration?
Missions

B. how many live fire Registrations must you conduct annually
to maintain an 80% proficiency in txis type registration.

Would you agree that the primary purpose of all t spes of
registration missions is to obtain corrections vnizh can be
applied to subsequent missions? Some live firing is required
to obtain these corrections. Do you as an FU derive eny
training benefit from the conduct of s live firiny registration
other than learning the procedures urigue with escn type
registration?

No

Yes, please explain.

Have you ever conducted arn illumination mission?

Yes No

If Yes,

A. Are the procedures complicated?
Yes NO

B. Do 7you believe there is eny way to simulate this kind of
mission without 1live firing?
Yes No
Briefly explain your answer.

How many live fire illumination missions must an average FO
conduct to attain a proficiency of 80% in this type mission?
illumination missions per year.

How many live fire illumination gissions must an average FO
conduct annually to maintain an 0% proficiency in this type
mission? i1TumInation missions per year.

Have you ever conducted a coordinated illumination and HE
mission?
Yes No

A. Do you believe the procedures are complicated.
Yes No

B. Who do you think caries the heavier burden in the conduct
of this mission?
FO

B-1-31
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70.

71,

72.

73.

4.

J1Y)

rirlr; Fattery

Assuming you are B80% proficient in conducting an illumination -
mission ani are 80% proficient in conducting an "Adjust Fire"
mission,

A. How many coordinated (Illumination and HE) missions must
an otserver conduct.in order to attain 80% proficiency
in conducting a coordinated missYon? missions

B. How many corrdinated (Illumination and HE) missions must
an observer conduct annually in order to maintain an
80% proficlency in conducting this type mission?
missions per year.

Assuming ycu are 80% proficient in conducting an "Adjust

Fire” type mission, how many live fire missions of the follow-
ing types must an FU conduct to attain an 80% proficiency in
each type and how many missions of each type must the FU
conduct annually to maintain the 80% proficiency?

A. Smoke EC and/or WP
missions to attain 80% proficiency
missions per year to maintain 80% proficiency

B. Fire for Effect (without adjustment) using shell HE
missions to attain 80% proficiency
missions per year to maintain 80% proficiency -
Name the kinds of missions that most ¥U find the most difficult
to ccnduct.

Specifically, what makes these missions more &ifficult than
others? Mark the appropriate blocks in order of importance.

very complicated procedures for the FU

very complicated coordination between the FO and the FDC
these type migsions are not fired frequently enough in
routine firing exercises.

these type missions are not practiced frequently enough
in routine non-firing training

Over a period of three platoon/section live firing exercises
of 1 to 2 days each In a 3 month period of time,

A. Approximately how many total missionts would be fired?
missions

B. Of these, how many would be registrations?
missions
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75.

76.

77.

78.

C. How many would be "Adjust Fire* missions?
Missions

D. How many would be illumination, or smoke?
1llumination
Smoke

E. How many non ad justment FFE missions would there be?
FFE missions

Let us assume that your proficiency as an FU attained an

80% level and that you continued to maintain the level by
firing at the frequency indicated in your answer to question
6. For reasons beyond the control of the battery, assume
that no live firing exerciees are possible for a 3 _month
period. How would you think your overall proficiency as an
FOU would decline?

A. From the 90% proficiency level to approximately the y 3
level.

B. 1t would not decline at all .

1f 5 s were randomly selected within the battalion, sll

of which were 80% proficient and subjected to a 3 month
period of no live firing, how would you think the effect on
the FO proficiency would decline from the 80% proficiency
level?

of the 5 FUs would show no decline in proficiency

of the 5 Fos would show a less than 10% de¢line’in
proficiency

of the 5 FOs would show a 10-20% decline in proficiency
of the 5 FOs would show a 21-30% decline in proficiency
of the 5 FUs would show more than a 30% decline in
proficiency

] ]

If at the end of a 3 month period of no live firing, the §
randonly selected FUs in question 76 agin resumed live firing
et the rate of 1-2 days per month,

4. How meny months would it take for the average FU to regain
his 80% proficiency level? months

B. How many months would it take for the one best qualified
FO to regain his 80% proficiency level? months
C

- How many months would it take for the one least qualified
FO to regain his 80% proficiency level? months

In referring to question 77, if the frequency of live fire
were increesed 50% (1 1/2-3 days per month),

x>

- How meny months would it take for the average FU to regsin
his 80% proficiency level? months
B. How many months would it take for the one best qualified
FO t> regain his 80% proficiency level? ______ months
B-1-33
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79.

8o.

81.

82.

83.

C. How many months would it take for the one leusst cuz.ified
FU to regain his 80% proficiency level? monti.c
If you were assigned the duties of a FO upon joining a rortar
platoon, how many months would you expect to serve as FC until
you were reassigned to a non-FO billet?
months

when an experienced mortar FO has been replacecd by & new 70,
is there a noticeable effect on the oversll proficiercy.
Section or Platoon. -

Yes No

Referring to question 80, if the snswer was yes, would jyou
attribute the change in proficiency to )
errors by the FO in basic kmowledge

errors-by the FO in basic procedures

slowness by the FO in applying the correct procedures
lack of experience in coprdinating witr the FDC

Referring to question 81, how can this problem be most rapidly
overcome?

by more live firing exercises

by more participation by the FU in FDC team drill

by more schooling of the FU on accuracy and timeliress
of proc&#dures

by more basic schooling —

Referring to question 80,

A. With the new F0, how many months do you think it would
take the section or platoon to regain its prior level
of proficiency, assuming that live firing exercigs o2 1
to 2 days were conducted on & monthly basis?
months

v o]
.

With the new FU, how many months do you think it would take
t.ie section or platoon to regain its prior level or pro-
ficiency, assuming that live firing:exercises at the rate

cf 2 to [, days per month, (twice thas rate of question 83A)¢
months

C. Do you think the section or platoon proficiency could be
regeined without live firing?
Yes No

If no, could any degree of proficiency be regained without
live firing?

Yes No, probably % of the unit proficiency

could be regained without live firing
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8. Have you seen any training device that provides the FO
with an opportunity to ‘lcarn?
(2

Yes
what Device?

85. What characteristics would you like to see in a traiming
device to improve FO proficiency? List:

86. What is your principal criticism ¢f FU training devices?
Mark in order of importance.

no Criticism

they are notdesigned to effectively improve FU performance
they do not adejuately measure the accuracy of FO perfcrmarce
they do:not adequately measurs the time aspect or respone-
siveness of FO performance

—_ they do not present a challenge to the Fu

— they are basically boring to train with

87. Let us assume that the proficierncy of all the Platoon FOs nas
declined to 50% because of a heavy turnover in FO personnel.
In 6 months the platoon FUs will be evaluated using the MCCRES
standards. There will be no live firing until the MCCRES is
administered. You may use any type of non-live firing training
(simulators, devices, drills, study) you desire.

A. How would you expect the average K0 in the platoor would
perform in live firing at the MCCRES evaluation? Pro-
ficiency is based on both arcuracy and time criterisa.
— 91-100%
~— 81-90%

—— 71-80%

— 61=-70%

— 51-60%

— ho better than 50%
— below 50%

B. How ;:I%OS;UId You expect the most proficient FU to perform?
81-90%
— T1=80% L
61-70% —
- 51-60% ' o
— DO better than 50%

below 50%

C. EHow well would you expect the least proficient FU to perform? -
91-100% —
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51-60%
no better than 50%
below 50%

Referring to question 87, suppose the MCCRES evaluation
were to take place in 3 months instead of 6 months with
no livs firing prior to MCCRES,

A. How wculd you expect the average FU in the battery would
perfern in live firing at the MCCRES evaluation?

G:=-100%

€1-G0%

7i-:0%

Ei-7C%

S51-60%

no tetter than 50%

below 50%

o
.

iR
[o)

w well would you expect the most proficient KFU to perform?
91-10C%

31-90%

71-80%

61=70%

51-60%

no better than 50%

below 50U»

C. How well would you expect the least proficient FU to perform?
91-100%

81-90%

71-80%

61-70%

51-60%

no better than $0%

below 50%

in reviewing the various types of mortar firing missions, we

are interested in your perceprtion of the difficulty experienced
by the FO in learning the procedures associated with the various
types missions. Lf we selected the "Adjust Fire" mission as a
reference point in measuring the difficulty of learning the :
procedures associated with this type mission, how would other .
type missions compare with the "Adjust Fire" mission in terms :
of difficulty of learning the procedures

A. The registration procedure is
easier to learn than the Adjust Fire mission

about the same degree of difficulty as the Adjust Fire
mission
slightly more difficult to learn than the Adjust Fire
mission - —d
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B. The 1llumination mission procedure is

easier to learn than the Adjust Fire Mission
about the same degree of difficulty as the Adjust
Fire mission -
slightly more difficult to learn than the Ad just
Fire mission

materially more difficult than the Adjust Fire

Mmission ‘
one of the most difficult of all firing missions:

MR ‘K ARG

C. "“he Coordinated Illumination/HE mission procedures are
earier to learn than the Adjust Fire mission

about the same degree of difficulty as the Adjust
Fire mission

slightly more difficult to learn than the Adjust
Fire mission

materially more difficult than the Adjust Fire
mission

one of the most difficult of all firing missions

D. The 3moke HC mission procedures is

easier to learn than the Adjust Fire mission
about the same degree of difficult as the Adjust
Fire mission

slightly more difficult to learn than the Adjust
Fire mission

materially more difficult than the Adjust Fire
mission .

one of the most difficult of all firing missions

E. 'The "Fire for Effect” (no adjustment) mission procedure is
easier to learn than the Adjust Fire mission

about tlhe same degree of difficulty as the Adjust

Fire mission

slightly more difficult to learn than the Adjust

Fire mission

materially more difficult than the Adjust Fire
mission

J one of the most difficult of all firing missions

“he following questions pertain to the mortar FDC.

90. ne following is one L step espproach toward training an FDC.

Step 1 is essentially individual MUS skill training.

Step 2 is tesm practice where individuals become accustomed

to performing their assignments sccurately and in wonking
with other members of the FDC team.

Step 3 is team drill where individuals become accustomed to

performing acourately and in a tinely manner in conjunction
with other members. of tlie FDC team. .

Step 4 is essentially a team drill set in a field environment, -
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The FDC tesm performs accurately and in a - .re
and coordinates with other elements of the =:c
platoon through live firing .

y manner
i

2
tion or

A. Do you believe this approach is a realistic and efféc-
tive way to train an FDC? Yes NU
Discuss if desired.

B. Does not this training spproach imply ths: s battery
FDC can become quite proficient in meetir.: sccuracy and
time criteria through steps 1, 2, 3.uithcut live firing?

Yes No
Discuss iT desired.

C. Does not the training approach imply that s bettery
FDC requirea the live firing primarily to coordinate
FDC functions with the FC and the morter ssction functiors?
—Yes No
Discuss if desired.

91. A&ssume that you are the senior member of the Mortar FDC.
A1l other personnel in the FDC are newly arrived from FST.
Assume further that you the FDC persornel witain the time con-
straints normally available in the platoon. FEow many months
would you estimate it would require before the FDC was ready
to pgrticipate in the first live firing exercises?
months

92. Referring to question 91, given the number of training months
required, what would you expect tne proficiency of the FDC to
be Prior to participating in the first live firing exercise.
Mark X on the appropriate line.

1C% Proficiency

—e 20% Proficiency

e 30% Proficiency

—_ 40% Proficiency

—— D0% Proficiency

— 60% pProficiency

70% Proficiency .

80% Proficiency )

90% Proficiency

100% Proficiency

93. After the first live firing exercise of 1 to 2 days what

would you expect the FDC proficiency to be, based upon ]
;?e standards stated in Part 11?7 Mark (X) on the appropriate 1
ne.

e 10% Proficiency
— 20% Proficiency B-1-38




=% Proficlency
0% proficiency
0% Proficliency
4% Proficiency
70% yroficiency
80% Proficiency
90% pProfiiciency
100% proficiency

ARARAR

94. HReferring to question 93, in evaluating the benefits of a live
firirz exercise to the new memters of ths FUC, what do you see
gs the principal benefits? Mark in order of importance
(4, 2, 3, 4L). Mark O if not applicable.

validation of acquired skills demonstrated by live fire.

v conficence in their ability to perform (morale)

iezvning mission procedures

cc-rdination among members of the FDC

coordination among the FDC and the FU and the mortars

refining accuracy and timing (proficiency) in a fleld

envirorment

95. Let us assume that the new FDC completed the first live firing
evercise. The FDC is subsequently exposted to team practice
and teem drill within the normal aumber of hours available
for training. The platoon conducts live firing exercises at
tre frequency indicated in your response to question S. How
would you expect the FDC proficiency would increase. Mark
an X on the appropriate line for each of the 2nd through the
8th live firing exercises.

Prosiciency (%) I'iring Exercise
- g2 #3 # #5 B W M

10
20

90
100

96. Referring to questions 93 and 95, assume there was mm live fir-
ing. Training Devices are substituted for the normally scheduled
live field firing exercise. Team drill and team practice are
conducted at the normal rate. please indicete how the FDC
proficiency would increase over an 8 month period.

Months ot

Proficiency (%) 1 2 3 4 5 6 17 8 .

10 )
20 ]
30 ]
Le 4
S0 1
% 60 ]
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70
80
90

iI 100
o 97. Let us agssume that the FDC has been training and part-

M icipating in live firing at the rate indicated in your answer

to question 5 and that the FDC has achieved an 80% proficiency;. .
For reasons beyond the control of your unit, no live firirg
exercises is possible for a period of 3 mcnths. At the en:z

of 3 months with no personnel turnover, you participate sgei:

in a live firing exercise.

How much of a decline (if any) in the proficiency of the Fu<
would you expect to experience. Proficiency would decresse
from 80% to
- 15=79%
— T0=-74%
- 65-69%
— 60-6L%
below 60%
— proficiency would not decrease at all
98. 1in reference to question 97, would the decrease in proficiercy
be due to:
Mark 1, 2, 3, U4 in order of importance. Mark O if not a —
problem, .4
section personnel not working together as a team 2ffcr+ T
in the required time -
some section personnel individually slow in applying
currint- procedures
some section personnel individually making errors in :
procedure .

P v

some section personnel forgetting the correct procedures
99. Given the proficiency decrease stated in your response to
quesfion 97, how many additional live firing exercises if
any at the rate specified in your answer to question S do you
think wculd be required before the FDC again achieved an 80% -

proficiency?

1 more live firing exercise
2 more live firing exercise
3 more live firing exercise
L more live firing exercise -
5 or more additional live firing exercises

100. Referring to question 99, if the FDC fired twice as frequently
83 your answer to question 5, how many live firing exercises
would be required to again achieve an 30% proficiency?
Creck the appropriate block. -
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101.

102.

103.

104.

none, live firing nct required

1 more live firing excrclise

2 more live firing e.ercises

3 more live firng cxercises

4 more live firing exercises

5 more live firing exercises o
6 more live firing exercises

7 more live firing exerclses

8 more live firing exercises

When FDC personnel sre trznsferred from the mortar platoon
are their replacements trained or untrained?

% trained
% untrained

if the FDC trained at the frequency described in question
S and the FDC wvas Y0% proficient, do you feel that the re-
placement of one (1) cf the FDC personnel in a 3 month
period would cause a materisl drop in section proficiency?
No Yes, proficiency would decrease from 9U% to

in reference to question 102, do you feel that, the replace=-
ment of 2 FDC personnel in &« three maonth period would csuse
a material drop in section proficiency?

No Yes, proficiency would decrease from 90% to %.

1f the FDC normally participates in 2 days of live firing a:
least once per month, ard experiences a turnover of persornel
which reduces the FDC proficiency from 90%-70%

A. How many months at this training rate would be required
before the FDC could regain the 90% level of proficiency?
Months

B. 1f the frequency of live firing were increased to 3 days
of live firing per month, how meny months would be reguired’

before the FDC could regain the 90% level of proficiency?
months

C. Lf the FDC were requirdd to regain 90% section proficiency
within 45 days after the turrover of personnel, now many
live firing days do you think the FD( would need?

days
D. Do you feel that FDC proficiency of 90% could be regained
without live firing? Yes No
B-1-41
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1f tne FDC proficicncy dropped from 90% to 70% because of
versonnel turnover, how much of an improvement in profic-
iency could be anticipated without live firing? '

Proficiency of 90% could be regained without live
firaing

Proficiency of 85% could be regained without live
firing

Proficiency of 80% could be regained without 1live
firing

Proficliency of 75% could be regained without live
firing

proficiency of less than 75f could be regasined witr-
out live firing
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Artillery Questionnaire

Part I General Instructions
Part [1 Standards of Proficiency
Part I11 Questionnaires
A Command and Staff
B Battery XO, Battery Gunnery Sergeant, Platoon Sergeant
C Forward Observer
D Fire Direction Officer
E Howitzer Section Chief
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Personal Data

1. Name

. Rank

. What is your current position?

2
3
4, How many years have you been in the USMC?
5 What experience have you had in artillery gunnery? Please describe jobs

you have had conducting or supervising tank gunnery training to in-
clude how long you served in the job and briefly what the job entailed.
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6. Briefly list your military assignments below: '—‘h
Date Position Unit/Location Brief Job Description Co
From To o

- L
R
"4

.

-
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Part I General Instructions

: The Marine Corps Development and Education Command has commissioned a study of
I training ammunition requirements for crew served weapons including artillery and

mortars. This questionnaire deals with artillery., You have been selected to respond to
this questionnaire because of your recognized knowledge of training and performance in
artillery weapons. The purpose of the questionaire is to obtain your judgement on such
issues as the contribution of live firing to section and battery proficiency, the
contribution of simulators and training devices to section and battery proficiency, the
. frequency at which training should be conducted and the effects of personnel turnover
and crew skill degradation on section and battery proficiency.

Five (5) sets of questionnaires have been prepared. These include 1) the Command and
Statff questionnaire which is appropriate for the Artillery Battalion Commander, Artillery
Battalion S-3 and the Artillery Battery Commander; 2) the questionnaire for the Battery
Executive Officer, Battery Gunnery Sergeant and Platoon Sergeant; 3) the Battery
Forward Observer; 4) the Battery Fire Direction Officer and 5) the Howitzer Section
Chief. Each of the five (5) sets of questionnaires has been prepared for a limited number
of personnel in each category. Therefore your responses to the questions will have a
significant impact on the results of the study.

Please read each question carefully and thoroughly consider your response. The nature of
the subject material in this study is abstract. There are limited sources of "hard"
verifiable data for this type of study. Your individual bank of experience is the best
source of information and you have been selected for this questionnaire based on your
experience and knowledge.

Many of the questions are complex and call for judgments to be made. A major theme of -
the questionnaire deals with the relationship of the "live firing" of ammunition to
“proficiency" or the ability of a section or battery to perform in an accurate and
responsive manner. Section Chiefs and Unit Commanders tend to have different
standards of proficiency and to define proficiency in differing terms. For the purposes of
uniformity we define "proficiency” in terms of accuracy and time. For any given
mission, there are accuracy and time criteria or standards for each section (FO, FDC,
Howitzer Sections) and for the Battery as a whole.

These standards or criteria are taken from the MCCRES standards and are presented in
Part II for each type section and for the Rattery. Please review these standards

carefully.

For purposes of this questionnaire, if the section or battery performs to the accuracy and L
time standards established for a given type of mission, that section or battery is 100%
proficient. It passed the test and satisfied the criteria, If the section or battery did not
perform to both the accuracy and time standards established for a given type of mission,
that section or battery failed and thus its proficiency in that mission is zero per cent
proficiency. —-'T

|

The questionnaire addresses many subjects in terms of a per cent of proficiency. For
purposes of this questionnaire, a section or battery which is 80% proficient is one which
performs its required functions within the accuracy and time criteria in 80% of the total
missions fired. During a series of normal live firing exercises, it is anticipated that the
section or battery will fire a wide variety of missions (Adjust Fire, Registrations of - -
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various types, lllumination, Coordinated lllumination and High Explosive missions, Smoke,
ICM/FASCAM and Fire For Effect missions).

Each type mission may have criteria for each section of the battery and for the battery
as a unit, These are presented in Part II as previously noted. It is further assumed that
in the course of a series of normal live firing exercises that certain types of missions
such as "Adjust Fire" missions will be fired more frequently than other types such as
"Smoke™; and that registrations will be fired more frequently than coordinated.
Illumination/HE missions.

If a battery live firing exercise consisted of | Precision Registration, 6 Adjust Fire
missions, | Illumination mission and 2 Fire for Effect missions (a total of 10 missions),
the battery proficiency and section proficiency would be measured by their ability to
perform to the accuracy and time criteria for each type mission. [ the battery or
section met the standards for both accuracy and time in the Registration mission, in 5 of
the 6 Adjust Fire missions and in the 2 Fire for Effect missions and failed to meet the
standard in 1 of the Adjust Fire missions and the | Illumination mission, the battery or
section satisfied the criteria in 8 of the 10 missions fired. Therefore its proficiency for
that live firing exercise would be 80%.

Other questions in the latter portion of the questionnaire address the attainment and
maintenance of proficiency in a specific type of mission.

Again, please consider the questions and your response carefully. Your cooperation and
the information provided is sincerely appreciated.
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Part I
Standards of Proficiency

Source: Marine Corps Combat Readiness Evaluation System (MCCRES)

Howitzer Section

. Projectiles with PD fuzes prepared for firing in 30 seconds or less and set with
PD or delay function as announced.

. Projectile with Fuze VT or Time prepared in 40 seconds or less and time set to
0 second accuracy for Fuze VT and to the nearest 0.1 second for accuracy for
Fuze Time.

. Propellant cut to the announced charge,

. Howitzer ready to fire within seconds after receipt of "Ouadrant
Elevation" for initial round,
105mm 30 seconds
155mm Towed 45 seconds
155mm SP 60 seconds

. Howitzer ready to fire within seconds after receipt of "Quadrant
Elevation” for subsequent rounds.
105mm 30 seconds
155 mm Towed 35 seconds
155mm SP 60 seconds

. Quadrant Elevation and panoramic telescope mount bubbles are centered prior
to firing.

. Correct alignment of panoramic telescope on collimater/aiming posts is
obtained prior to firing.

. Correct deflection and QE settings are used,

. When FDC directs firing on a pre planned priority target, howitzer must be

prepared to fire within 30 seconds.

Fire Direction Center

. In an adjust fire mission
- Initial round data is computed within 45 seconds after the FDC receives
target location.

- Subsequent round data is computed within 25 seconds after the FDC receives -
the subsequent corrections,

- QE and Neflection Data computed to within 3 mil accuracy.
- Fuze settings determined to the nearest 0.1 second.
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R . In an illumination mission

- Initial round data computed within 60 seconds after the FDC receives target
location.

' - Subsequent round data is computed within 15 seconds after FDC receives
' subsequent corrections,

. In a smoke mission

5 - Firing data is computed within 30 seconds after FDC receives the target
. location.

F - Appropriate smoke fuze correction is applied,
, .

* . Ina precision registration mission

- Obtain correct adjusted data

- Check round fired from base piece impacts within 50 meters of a surveyed
] target within transfer limits

i‘ - Determine GFT setting and deflection corrections within 2 minutes after
‘ completion or registration.

- Compute and apply FADAC residuals within 3 minutes after completion of
registration.

. In a high burst registration with 2 surveyed observation posts

('; ' - Check round fired from base piece impacts within 50 meters of a surveyed
target within transfer limits,

- Upon completion of registration, correction is determined and applied within
3 minutes using FADAC
5 minutes - manual computation

. Preparation of Survey Firing Chart

- 4 minutes after FDC receives survey data, FDC plots battery center,
primary deflection index, radar location and primary azirmuth index.

» Ad
a

Forward Observer

b

. Must determine target location within 30 seconds of identifying target. Target
location must be within 300 meters of actual target location.

. Must determine target location within 50 seconds of identifying target. Target
location must be determined to following accuracies: -

'

e

coordinates 200 meters
OT Direction 10 mils

lateral Shift 10 meters B-1-49
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distance 100 meters

Must transmit a complete call for fire within 60 seconds of target
identification. Target location must be within 200 meters of actual location.
Appropriate shell/fuze combination is requestea.-' Correct call for fire and
communications procedures are used,

Must conduct an adjust fire, fire for effect and illumination missions on
targets of opportunity after target identification, observer must transmit
complete call for fire within 60 seconds, and send subsequent corrections
within 15 seconds of HE sound burst. No more than 3 adjusting rounds used in

the adjust fire mission. Target location must be within 200 meters of actual

target location. Fire For Effect must be within 50 meters of target.
Illumination is adjusted to provide maximum illumination on target,

Must conduct a smoke mission, transmiting a complete call for fire within 2.5
minutes, and transmit subsequent HE corrections within 25 seconds of sound
burst. Target location must be within 200 meters of actual location. Smoke
must provide adequate coverage of target.
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Battery Performance

Requirement
L. gonauct High Angle Will 105mm 10 minutes Fire for Effect
Adjust Mission - 155mm |1 minutes 100 meter radius of
target
2. Conduct 2 simultaneous 105mm 8 minutes same
adjust fire missions from 155 towed 8 minutes
separate observers. Second 155 SP 9 minutes
mission request is received Time from observer
within 60 seconds of first identifying first target
mission to last round fired for

effect on last target.

- 3. Conduct lllumination Mission 7 minutes Target adequately

y illuminated.

- 4, Conduct Illumination Mission 7 minutes for Target adequately
and an HE mission under illumination illuminated,
[llumination 11 minutes for HE FFE 100 meters

radius of target

SR 5. Conduct Smoke Mission 3 minutes (first Target obscured
i rounds fired in 1 1/2

F minutes)

6. Deliver Suppressive fires on I minute for 105mm 75% of rounds
planned target (bt rounds in 30 within 200 meters
seconds) 2 |/2 minutes radius circle

for 1557 & SP

7. Conduct Fire for Effect 105mm - 1| minute 100 meters radius
mission on target of 155 Towed - | minute of Tgt.
opportunity that is within SP - 2 minutes

transfer limits of
registration data. Shell HE

8. Conduct aerial observer "Will From AQ identification 100 meter radius of
Adjust" mission of target to last round Tgt.
in FFE

105mm - 7 minutes
155 Towed - 7 1/2 minutes
SP - 8 1/2 minutes

9. Conduct Fire for Effect 2 1/2 minutes from FFE pattern
mission on target using ICM observer identification covers target
to last round in FFE C
10. Deliver Inmediate suppressive 3 minutes from observer 75% of rounds - _1
fire on target of opportunity identification of target within 200 meter C
without adjustment to last round, First radius circle
round fired in 1| minute
and 20 seconds.
B-1-51
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Questionnaire A
Questionnaire for Command and Staff
(Battalion Commander, Battery Commander, Battalion S-3) Section I

1. Please indicate the type of artillery unit (105mm How, 155mm Towed, 155mm SP
and 203mm) and the number of months you have served in any of the 3 billets noted
above.

Type Unit ‘ Number of Months Billet

2. Are you currently serving in any of the billets noted above?
Yes__No__. If yes, which billet .

3. How long has it been since you served in the last of the billets noted above?
months

You will find that a great number of questions in this questionnaire deal with the subject
of "proficiency". You will be asked to make judgements concerning "proficiency" of the
battery based on exposure to training including live fire training. In order to assist you,
the term "proficiency” is based upon 2 elements, the ability to perform accurately and
the ability to perform in a timely manner, Roth elements must be present to be
"proficient". The criteria for both accuracy and time in any type of mission is extracted
from the MCCRES standards for proficiency. For purposes of this questionnaire, a
Battery which is 80% proficient is one which is capable of performing the required tasks
within the accuracy and time criteria in 80% of the total missions fired. If a Battery
fired 20 missions of a various mix of Adjust Fire, Registration , Smoke, Illumination, ICM
etc. and satisfied the accuracy and time criteria in 16 of those missions, that Battery
would be considered 80% proficient. If it satisfied the criteria in 18 of those 20 missions,
it would be considered 90% proficient.

Please review the portions of Section II that relate to the Battery Proficiency with
respect to the MCCRES criteria for proficiency in various types of missions.

4. A. Do you believe the MCCRES standards are attainable and realistic?
Yes__ No

B. If your unit were tested within one week, how do you think it would be
evaluated in terms of proficiency?

91-100%
31-90%
71-80%
61-70%
51-60%
beloe 50%

NRRRN

<. Would your unit proficiency be representative of similar units in the regiment”
Yes
No, my unit would probably be evaluated __ % higher than the average unit.
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No, my unit would probably be evaluated __% lower than the average unit.
Based on your experience, please address the following questions.

A. Estimate the average number of days per quarter that your battery
participates in live firing. days per 3 month period

B. Estimate the number of live rounds expended by the battery on the average
live firing day. # rounds per firing day

C. Do you feel that your unit(s) fire more frequently or expends more live
ammunition per shoot than other batteries of the regiment. Check (1) (2) or (3)
and check question subsection if applicable,

() No, my battery trains with live firing at about the same frequency
and expenditure as other units in the regiment.

() Yes my battery trains more frequently with live firing than the
average battery. Check one:

a)  10% more frequently
b)  20% more frequently
c)  30% moce frequently
d) 40 % more frequently
e) greater than 40% more frequently

() No my battery trains with live firing less frequently than the
average battery., Check one:

a)  10% less frequently
b)  20% less frequently
" 30% less frequently
d)  40% less frequently
e) greater than 40% less frequently

A 4

Since the unit commander is the officer primarily responsible for the training status
of your unit(s), how do you approach the problem of deciding how many live rounds
of artillery ammunition you need on an annual basis? Please discuss in detail.

In order of importance, what factors directly influence your training plan for overa.:
unit proficiency. Check 1 for most important, 2 for second in importance, 3, %,
etc. Mark 0 if not applicable. .

Availability of time for training
Availability of adequate ranges =~
Turnover of personnel

Availability of adequate training devices
Availability of quantities of live fire ammunition
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8. If the annual training allowance for a certain type artillery unit is X rounds per

e weapon, it means that that type artillery unit cannot request more than the stated
o allowance for annual live fire training.

. A. Do you relate the quantity shown in the annual allowance with a "proficiency"
. in performance? Yes_ No_

B B. Do you have any opinion as to how the allowance was derived?
; No

P Yes,_, I believe the allowance was derived from (please explain)

9. Training in many types of weapons does not consume the quantities of ammunition
which are authorized in the annual training allowance. Artillery training
consumption of live ammunition correlates at a leve] closely approaching the annual
allowance. Check ( ) the most appropriate in order of importance.

Do you think this is because

training devices available to artillery are inadequate

concern that failure to fire the annual allowance will result in a
reduction of the annual allowance

live firing in the quantities used is absolutely essential to the training of
the artillery unit

live firing in the quantities used is the best way to validate the training
status of the Rattery and is good for troop morale

Skill Learning and Degradation

It is recognized that many factors may tend to degrade the proficiency of a unit, Two of
the major factors are skill degradation and personnel turnover. The following questions
relate to the training situation where ther is _no turnover of personnel for a period of §
months, Coe

10. Assume you take command of a new unit with experienced unit commanders and
section chiefs but with the majority of personnel newly reported from FST,

A. How many months would you estimate it would require before the battery was
prepared to participate in the first live fire exercise? ___months
B. Which section(s) of the battery would require the greatest time to train?
FOs
FDC
Howitzer sections

C. Reviewing the proficiency standards of MCCRES in relation to accuracy and
time, could you evaluate the unit before live firing as to their expected
proficiency?

Yes, 1 would expect a battery proficiency level of %
No, I would have to see the live firing to evalute the battery
performance

ND. Referring to question 10C, could you evaluate any section(s) of the battery
prior to live firing? B-1.54
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12.

Level a whole Section Section Section

No

Yes, the FO only

Yes, the FO and FDC only

Yes the FNC only

Yes, the FDC and the howitzer sections only
Yes, the howitzer sections only

Yes, the FO and the howitzer sections only
Yes, all sections

Please explain your answer briefly, -

Continuing with the assumption of question 10, further assume that the battery
participated in a 1 to 2 day live firing exercise. Approximately what level of
proficiency would you expect to see for the battery as a whole and for the FO, FDC
and Howitzer sections. Please mark an X on the appropriate line,

Proficiency Battery as FO FDC Howitzer

100%
920%
80%
70%
60%
50%
40%
30%
20%
10%

Continuing with question 11, please provide your best estimate of how the
proficiency levels discussed in question 11 would change:

A.  After the unit had participated in 3 additional live firing exercises at the
frequency of firing and the round expenditure indicated in question 5.

Proficiency Rattery as FO FNC Howitzer
Level a whole Section Section Section

100%

90%

20%

70%

60%

50%

below 50%
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13,

14,

B. After 3 more additional live firing exercises under the same conditions as
qQuestion 10?

Proficiency Battery as FO FDC Howitzer
Level a whole Section Section Section

100%

90%

80%

70%

60%

50%

below 50%

NRRREN
NERRRN
NERRRN
NERRRN

C. [«f 6 hatteries of "all new" crews were randomly selected for evaluation after 3
live firings and after 6 live firings, would you expect the average proficiency
levels would agree with those stated in question 12A and (287

__Yes
___No, the average section would be
__10% more efficient
___20% more efficient
30% more efficient
__No, the average section would be
__10% less efficient
__20% less efficient
__30% less efficient

D. [If 6 batteries of "all new" crews were randomly selected under the conditions
of questions 12A, B & C, the best battery would be __ % more proficient than
the average section and the worst battery would be __ % less proficient than
the average battery.

Refering to question 12, if the frequency of live firing or if the quantity of
ammunition expended were increased 50% during the same time frame, would you -
expect a material improvement in proficiency over what was indicated in your -
response to question 12,

No
Yes__, [ would judge that battery overall proficienty might increase at a rate _ %

faster -1

If the frequency or quantity of live firing increased as suggested in question 13,
which sections of the battery would benefit the most?

FO
FDC -4
Howitzer sections -

all would benefit equally

Please explain your answer.
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15. Assume that you were to take command of an artillery battery which was composed
of typical marines who had been participating in classroom instruction, section
training, and had been participating in live firing exercises to the degree you
indicated in question 5. After observing the battery for a 30 day period in which
there was no live firing, could you evaluate the battery in terms of probable
proficiency? .

No

Yes, the entire battery

Yes, the FO only

Yes, the FO and FDC only

Yes, the FO and howitzer sections only
Yes, the FNC only

Yes, the FDC and howitzer sections only
___Yes, the howitzer sections only

Please explain your answer,

£ 16. Refering to question 15, if you had the opportunity to observe the battery in a field
F environment in the conduct of a CPX during the 30 day observation period, could you
evaluate the battery in terms of probable proficiency?
No
Yes, the entire battery
Yes, the FO only
Yes, the FO and FDC only
Yes, the FO and howitzer sections only
Yes, the FDC only
Yes, the FDC and howitzer sections only
__Yes, the howitzer sections only

Please discuss your answer,

Y

17. Based upon your experience, how do you believe that training with live firing etfects
the battery proficiency or the proficiency of the sections within the battery?

A. Live Firing effects the proficiency of the battery

not at all

no, it simply validates the proficiency achieved in non firing training. It
demonstrates what we are already capable of doing

no, live firing adds realism to training. It is more exciting but does not
effect proficiency B-1-57




yes, live firing directly effects proficiency in a material way
yes, but only in coordinating FO-FDC-Howitzer section activities in real
time and accuracy. :

P B. Live firing effects the proficiency of the Forward Observer

o __ hotatall
o —_ ho, it validates his capability to perform

R — Yes, the observer proficiency increases materially as a result of live
h firing

C. Live Firing effects the proficiency of the FDC

2 not at all, since the FDC does not see either the target or the projectile
' being fired

no, the FDC needs live firing only to obtain registration corrections

no, live firing only validates the product of the FDC effort, it does not

contribute to the effort

yes, the FDC proficiency is materially effected by live firing

yes, but only in coordinating FO-FDC-Howitzer activities in real time

and accuracy

D. Live Firing effects the proficiency of the Howitzer sections

not at all
no, it simply validates what the howitzer sections are already capable of
doing
no, live firing adds to the realism

__ Yes, live tiring adds to proficiency in a material way

__ Yes, but only in coordinating FO-FDC and howitzer activities in real time
and accuracy.

18. The consumption of live ammunition increases considerably when the battery fires
more than a "Battery one" in "fire for effect". Do you feel the proficiency of the
battery or the proticiency of the sections benefit from firing a "Battery 2, 3 or &
rounds in effect?

No
Yes, it benefits the entire battery
Yes, it benefits
FO
FDC
__ Howitzer sections
If yes, please explain your answer,

19. How frequently does your unit fire more than a "battery one" in the fire for effect
phase of an "Adjust Fire" mission?

never
once in about twenty missions
once in about ten missions
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once in about five missions
every other mission
every mission

20. Referring to question 19, do you believe your response to question 19 'is
representative of the batteries in the regiment?

Yes
—_No, the average battery fires a "battery one” __ 9% more frequently
__No, the average hattery fires a "battery one" __ % less frequently

21. Let us assume that your battery(s) had been training and participating in live firing
- at the rate indicated in question 5 and achieved a proficiency level of 80%. For
- ' reasons beyond your control, no live firing is possible for a period of 3 months, At

the end of 3 months with no personnel turnover, your battery again participates in a

live firing exercise,

A. How much decline in the proficiency of the battery would you expect to
experience, Proficiency would decrease from 80% to

- 75-79%
8 70-74%
65-69%
60-64%
below 60%

B. In which section of the battery would the loss in proficiency probably be the
greatest?

FO
FNC
Howitzer Sections

22, Continuing with question 21, in a random selection of 5 batteries within the
regiment, all of which were initially 80% proficient, and live firing were suspended
for 3 months and then resumed, what would you expect the distribution to be?

batteries would drop proficiency to 75-79%
batteries would drop proficiency to 70-74%
batteries would drop proficiency to 65-69%
batteries would drop proficiency to 60-64%
batteries would drop proficiency to below 60%

23, Referring to questions 21 and 22, the principal cause for the drop in Battery
proficiency would be (mark in 1,2,3,4,5 order of importance):

sections not working together as a battery team

section personnel not working together within their sections
section personnel making errors

section personnel slow in applying procedures

section personnel forgetting correct procedures

24, Given the battery proficiency decrease stated in your response to question 21A, how
many live firing exercises at the rate specified in your answer to question S would be
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required before your battery again achieved an 80% proficiency?

none, firing not required

1 more live firing exercise
2 more live firing exercises
3 more live firing exercises
4 more live firing exercises
5 more live firing exercises
6 or more

25. K the battery fired twice as frequently as your answer to question 5, how many live
tiring exercises would be required to achieve a 80% proficiency?

none, firing not required

1 more live firing exercise
2 more live firing exercises
3 more live firing exercises
8 more live firing exercises
3 more live firing exercises
6 more live firing exercises
7 more live firing exercises
8 more live firing exercises
more than 9

26, Refering to question 21A, suppose after 3 months of no live fire training, subsequent
live firing was indefinitely limited to a frequency of only 50% of that indicated in
your response to question 5. Under those conditions, —

A. What is the highest proficiency level you could expect the battery to attain?
___% proficiency?

R, How many months would it take to attain the above proficiency level?
___ estimated number of months

C. What is the highest level of proficiency that the battery could be expected to
maintain?

The following questions deal with the subject of personnel turnover and its effect on the
proficiency of your unit. In defining "personnel turnover”", let us assume that personnel ~
who "turnover” are those battery personnel who are transferred or reassigned to another
command or battery, who are sent TAD for extended periods of time or who are
terminated from the service. For purposes of this questionnaire, the "personnel turnover
rate” is the number of personnel who leave the battery each month divided “v the
average number of personnel in the battery, Example: 12 personnel leave the battery .
during the month. The personnel turnover rate is 12/120 or 10%. —

27. Based on your experience,

A. What has the average personnel turnover rate been in your battery over the
last six months?

Under 5%
3 to 10% : B-1-60
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11 to 15%
16 to 20%
2] to 25%
26 to 30%
over 30%

his rate representative of the similar units in the Regiment?
yes

no, the average may be __ % higher than question 27A

no, the average may be _ % lower than question 27A

TR T e
»
RE-EERR

C. What has been the highest turnover rate that you have ever experienced in a
battery? I

under 10%
11-20%
21-30%
31-40%
over 40%

W W

D. When your unit replaces enlisted personnel, what percent of the replacements
normally come from FST and what percent come from non-FST?

. %FST
; — % nonFST

28. Based upon your responses to questions 27A, 27C, and 27D, assuming your unit was
90% proficient, how much of a monthly personnel turnover rate could you accept and
still maintain 90% proficiency? __ % turnover per month.

29. Assume your unit is at a 90% level of proficiency and that the personnel turnover
rate in the unit over a six (6) month period averaged 15% per month. Assume vour
unit continues to participate in live firing at the same rate indicated in Ouestion 5.

A. How would you describe the changes, if any, in the unit proficiency level?

I woul;l estimate battery proficiency would change as follows: (Fill in all
blanks

% proficient after the 1st month of 15% personnel turnover
% proficient after the 2nd month of 15% personnel turnover
% proficient after the 3rd month of 15% personnel turnover
% proficient after the 4th month of 15% personnel turnover
% proficient after the 5th month of 15% personnel turnover
% proficient after the 6th months of [5% personnel turnover

B. What changes, if any in the training program, would be benefitical to limit the
drop in battery proficiency during this turbulent period?

Mark in order of importance

% more frequent live firing

% more time using training devices

% more time on section drills

% greater emphasis on classroom instruction and individual skills
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30.

3L

32.

33.

C. Ut the 15% monthly personnel turnover rate effected all sections of the battery
on a pro rata basis, which section would likely show the greatest drop in
proficiency?

howitzer sections
FDC

FO

all would drop equally

L

D. I the battery proficiency declined as you indicated in question 29A and the
remedial action you suggested in question 29R were implemented, how would
you estimate the proficiency level of the battery would change over the 6
month period? (Fill in all blanks).

% proficient after the lst month of 15% personnel turnover
% proficient after the 2nd month of 15% personnel turnover
% proficient after the 3rd month of 15% personne! turnover
% proficient after the 4th month of 15% personnel turnover
% proficient after the 5th month of 15% personnel turnover
% proficient after the 6th months of 15% personnel turnover

Assume your unit is at a 90% level of proficiency and that the personnel turnover
rate for a 3 month period is 20% per month. Your unit is limited to live firing
exercises at the rate indicated in question 5.

A. How would you judge the change in battery proficiency?
I would judge that the battery proficiency would change as follows:

% proficient after the Ist month of 20% personnel turnover
% proficient after the 2nd month of 20% personne! turnover
% proficient after the 3rd month of 20% personnel turnover

Retferring to question 30, if at the end of 3 months of 20% personnel turnover per
month, the battery resumed a normal turnover rate (question 27A), how long do you
think it would take before the battery regained its 90% proficiency level, if live
firing exercises were conducted at the frequency indicated in question 5?

months

Referring to question 31, how many months would it take to regain the 90%
proficiency level if the frequency of live firing were increased 50% over the level
indicated in your response to question 5.

months

The proficiency of a given section can be measured by the timing and accuracy-
criteria from Part Il MCCRES relating to that section's ability to perform a certain
type of mission. The timing and accuracy criteria for the hattery requires not only
individual section performance at a high level but also the coordination of these
sections in an integrated manner to achieve the desired Battery performance level,
In your opinion who are these people who perform the coordination functions
between the FO, FDC and firing battery?
B-1-62
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" 34,

35.

36.

L 37.

38'

39.

NS DERENARE
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Referring to question 33 can this coordination function be exercised without live
firing exercises?

__Yes because
__No because

Do you believe it is possible to have an FO section, an FDC section and Howitzer
sections, all of which are 90% proficient, and yet have a battery proficiency that is
well below 90% because the sections do not coordinate well with each other?

Yes
No

If your answer to question 35 was yes, how would you correct this situation. Explain
in your own words please.

H proficiency is measured in terms of accuracy and time, what are your suggestions
regarding how the battery commander and/or battery executive officer might
measure the activity of his battery to coordinate the activities of the FO section,
FDC and the firing sections without live firing, Please explain in your own words.

Refering to question 37, do you think that a sophisticated training device could be
constructed which would allow battery as well as section performance (proficiency)
to be measured? i

Yes, explain

No, explain

The following questions effect the use of training simulations, simulators and training
devices and their effect on unit proficiency.

Have you had the opportunity to use the following training devices. Check
appropriate blocks.

M-31 Trainer 14.5mm

M423 (8"

M455 (153) Nuclear Training Projectile
Field Artillery direct fire trainer
Time training fuze

Training Set, Fire observation
Forward Observer Trainer
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40.

LI

42,

43,

44,

" 91-100%

Which of these devices are available for use in your battery

M-31 Trainer 14.5mm

M423 (3")

M#43535 (153) Nuclear Training Projectile
Field Artillery direct fire trainer
Time training fuze

Training Set, Fire observation
Forward Observer Trainer

HERRRRN

a tool for training personnel, what is your evaluation of current training devices?

they are of very little value

they are of some value

they are of considerable value

they are very important in training personnel

5

an average training month of 22 days, approximately how many training days per
section are devoted to the following types of artillery training in the battery

days of live firing training

days of training using training devices

days of training using cannoneers hop only

days of training using none of the above

days of training (Inspections, Genera} Military Subjects, etc.)

What is your principal criticism of training devices if any. Mark in order of
importance, 1 most important, 2 next important, etc, -

no criticism

they are not designed to effectively improve individual or section performance
they do not adequately measure the accuracy of individual or section
performance

they do not adequately measure the time aspect of section performance

they do not adequately simulate the conditions of live firing

they are basically boring to use

they do not present a challenge to the section member to tearn

Let us assume that your battery is not very proficient (50%) because of a heavy
turnover of personnel. In 6 months your battery will be evaluated using the -
MCCRES standards, There be no live firing exercises until the MCCRES is -
administered. You may use any type of non live firing trammg, simulator, devices .
etc. How would you estimate the battery would perform in live firing at the
MCCRES evaluation.

81-90%
71-80%
61-70%
51-60%
below 50%
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l 45. Refering to question 44, suppose the MCCRES evaluatin were to be given in 3
' months instead of 6 months. With no live firing prior to MCCRES, how would you
estimate the battery would perform in the MCCRES evaluation?

; 91-100%

' 81-90%
71-80%
61-70%
51-60%
below 50% —_

I 46. Do you feel that the answers to questions 4% and 45 would be different if you had
more capable training devices? __Yes _No

47. What specifically do you desire to see in a training device that helps train your
battery or sections of the battery, Explain:

B D

: 43, Let us assume that the frequency of firing and the number of rounds fired in
i (-;- question 5 resulted in a certain high level of proficiency measured in accordance
= with MCCRES standards.

A. I the live firing frequency were decreased by 1/2 on an annual basis and
training devices were substituted, what effect would this have on battery
proficiency? Check one,

I_ proficiency would remain about the same

: proficiency would increase 10 to 20%
proficiency would increase more than 20%
proficiency would decrease 10 to 20%
proficiency would decrease more than 20%

B. I« the live firing frequency remained the same but the number of live rounds
used in each exercise were decreased by 1/2 on an annual basis, and training
devices were substituted, what effect would this have on battery proficiency?
Check one, :

proficiency would remain about the same
proficiency would increase 10 to 20%
proficiency would increase more than 20%
proficiency would decrease 10 to 20%
proficiency would decrease more than 20%
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89. Can you suggest an approach that would increase proficiency and/or mainta.n
proficiency at a high level with a reduction in the use of live ammunition? Explain:

}:lj. 50. How much of a reduction in live ammunition can be achieved using the approach you
F suggested in question 49? ___ %

51. Have you ever taken the VCCRES evaluation? __Yes_ No

52, How well did your unit do? _ passed __failed

-

-1
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i Command and Staff Questionnaire
' Section 1l
Instructions:
I There are many types of Artillery fire missions. Many of the missions have some

i elements common to other type missions {(such as adjustment procedures when
. required). However, each mission has procedures in the Forward Observer, or FDC or
Howitzer sections which are unique to each type mission. Please consider the following
categories and types of missions, '

Category 1 - Registrations
Types
Precision Registration - Low Angle
Precision Registration - High Angle
Mean Point of Impact Registration
High Burst Registration

Category 2 - Adjust Fire Missions
Types

) Low Angle

o High Angle

Category 3 - lllumination Missions
T
o Illumination only
o Coordinted Illumination with High Explosive

Category 4 - Types

o HC -

o wP
Category 5 - ICM/FASCAM

Types

o ICM

o RAAMS

o ADAM

Category 6 - Chemical
Category 7 - Fire for Effect without adjustment

The following series of questions are directed at various aspects of these categories and
types of missions. Please review your response to question 5 in Section I of the
questionnaire prior to responding to these questions. .

53. Based on your experience, how many artillery live fire missions is a battery likely to
fire on an average monthly basis.

missions
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54. On an annual basis, would the number of live fire missions at the battery level be
equal to 12 times the answer to question #53?
__Yes
__No

i no, please estimate the total number of live fire missions which a battery is likely
to fire over a period of 12 months.

missions

55. In reference to your response to question 54, how would you estimate that the total
number of live fire missions would be fired by category on an annual basis. (Refer to
Instruction Section),

Category | Registrations

2 Will Adjust HE Missions

3 [lumination Missions

4 Smoke Mission

5 ICM/FASCAM

6 Chemical

7 Fire for Effect w/o adjustment

Total (agrees with response
to question 54)

56. Would you estimte the number of live fire registration missions of each type on an
annual basis.

Category 1 Registrations :
Type: Low Angle Precision Registration
High Angle Precision Registration
High Burst Registration
Mean Point of Impact Registration
Total (agrees with total
registrations category | Question 55

Many of the questions in Section I of this questionnaire dealt with changes in overall
battery proficiency in firing a comgosite mix of fire missions in live fire training
exercises over a period of time. It is is safe to state that Battery proficiency as a whole

- partly depends upon the proficiency of the battery sections (FO, FDC, Howitzers) in their

respective capabilities to conduct each category and type of mission at whatever
frequency that type of mission is normally used in training or combat. And in part
Battery proficiency depends upon the capability of these sections to properly coordinat2
their activities with each other. The following questions relate to these subjects and
their relationships with live firing. You may wish to review questins 10-26,

57. The Low Angle "Adjust Fire" mission is a type mission used extensively in training _
and in combat. In considering only the live firing aspects of Adjust Fire missions,

A. How many Low angle "Adjust Fire" missions must a Fort Sill trained Observer
conduct in order to attain a proficiency of 90% in that type mission?

Ans __ missions
B-1-68
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58.

R.

cC.

D.

Given that the Observer attains a 90 per cent proficiency in this type mission,
how many times per year must the Observer conduct this type mission in order
to maintain a proficiency of 90 per cent.

Ans ___  low angle adjust fire missions per year.

How many if any live fire low angle Adjust Fire missions must an FNC conduct
in order to attain a 90 per cent proficiency in this type mission?

Ans missions

On an annual basis, how many if any, live fire low angle Adjust Fire missions
must an FDC conduct in order to maintain a 90 per cent proficiency in this
type mission?

Ans missions per year

How many live fire low angle Adjust Fire missions must the howitzer sections
conduct in order to attain a 90 per cent proficiency in this type mission.

Ans

On an annual basis, how many live firing low angle Adjust Fire missions must
the Howitzer sections conduct in order to maintain a 90 per cent proficiency?

Ans missions per year

In view of your response to quetions 57A through F, how many live fire "Adjust
Fire" missions must the battery conduct in order to attain and maintain a 90%
proficiency in this type mission?

Ans live fire Adjust Fire missions to attain the 90% proficiency and
missions per year to maintain this proficiency.

Let us assume that the battery is 90% proficient in conducting the low angle "Adjust
Fire" mission discussed in Question 57. The following questions address the problem
of high angle Adjust Fire missions.

A.

B.

How many high angle live fire "Adjusi Fire" missions must be conducted to
attain a 90% proficiency? (Fill in all blanks.)

missions for FO Training

missions for FNC Training
__ Missions for Howitzer section training
The battery would have to fire a total of ___live fire high angle missions to
attain a battery level proficiency of 90%.
How many high angle "Adjust Fire" missions must be conducted to maintain a
90% proficiency level. (Fill in all blanks.)

missions per year for FO Training

missions per year for FDC Training

missions per year for Howitzer Training
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The battery would have to fire a total of ___live fire high angle missions per
year to maintain a 90% proficiency in this type mission. .

39. Assume that the battery and all sections are 90% proficient in conducting an "Adjust
Fire" type mission. Let us now consider the Low Angle Precision Registration.

60.

A,

B.

n.

How many live fire Low Angle Precision Registrations must a Fort Sill trained
Forward Observer conduct in order to attain a proficiency of 90 per cent In
that type mission?

He must conduct registrations to achieve 90 per cent proficiency in Low
Angle Precision Registration.

Given that the Forward Observer attains a 90 per cent proficiency, how many
times must the Observer conduct this type mission per year in order to
maintain this 90 per cent proficiency level?

___ registrations per year

In the adjustment phase of the precision registration, the Observer employs
normal adjustment techniques and in the Fire for Effect phase, provides only
sensings to the FDC. What unique feature of Low Angle Precision Registration
does the Observer learn by live firing?

Please discuss.

How many live fire low angle precision registration missions must an FN¢ and
a howitzer section experience to achieve a 90 per cent proficiency?

FDC __ Missions
Howitzer Section ___ missions

On an annual basis, how many live fire low angle precision registration
missions must an FDC and a howitzer section experience to maintain 90 per
cent proficiency in that type mission?

FDC __  missions per year
Howitzer Section __  Missions per year

In view of your response to Question 59 A, B, N & E how many live fire low
angle precision registrations must the Battery conduct in order to attain and
maintain a 90% proficiency in this type mission.

Ans live fire low angle precision registration missions to attain a 90%
proficiency and ____Mmissions per year to maintain this proficiency.

In referring to question 59

A.

Since the FDC "sees" neither the effects of the firing on the target nor the
actions of the firing howitzer, why does the FDC require "live firing" to be
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proficient in conducting low angle precision registrations?

Please discuss.

B, Is there an action or procedure by the "Base piece" participating in the Low
angle precision registration that is significantly different or unique from any
other mission requiring the firing of high explosive ammunition with a point
detonating fuze or time fuze?

No __
Yes __ What is unique?

61. If an Observer, FDC and Howitzer section is 90% proficient in conducting a low

62.

63.

angle registration,

A. How many high angle precision registrations must he conducted to attain a 90
per cent proficiency?

missions for the Observer
missions for the FNC
missions for the Howitzer section

B. How many high angle precision registrations must be conducted annually to
maintain a 90 per cent proficiency.

missions annually for the Observer
missions annually for the FDC
missions annually for the Howitzer Sections

C. In view of your response to questions 61 A & B, how many high angle precision
registrations must be conducted to attain and maintain a 90% proficiency for

the Battery?

Ans. The battery must fire high angle precision registrations to attain a
90% proficiency and fire missions annually to maintain that proficiency.

Do you see any actions by the observer in the conduct of the High Angle
Registration which are substantially different from his actions in the conduct of a
low angle registration?

No _
Yes __ Please discuss.

v
Al

Other than the unique procedural aspects of drift and site, do you see any action by
the FDC in the conduct of a high angle registration which differs substantially from
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the FDC actions in a low angle registration” _ *'

No _ —
Yes __ Please discuss.
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64. If the answer to questions 62 or 63 is yes, is live firing required to learn these
differences?
Yes _
No
65. Assume the Rattery and all sections are 90% proficient in conducting Adjust Fire
missions and Precision Registration missions. We are now concerned with High Burst
and Mean Point of Impact Registrations.
In the High Burst, and Mean Point of Impact registrations, -
A. The Observer is oriented by the FD(. and measures and reports azimuths and -
verticle angles to the FDC. He performs no adjustment. Noes the Observer
gain any training from this type registration?
No _ :
Yes ___  Please discuss. e

- -

If yes, does the observer require live fire to gain this learning?

B. The FDC determines the firing data to conduct the registration. All rounds
are fired using the same data.

Do you see any action by the Howitzer crew that is different in this type -
mission from any other mission involving the use of HE?

Yes
No

C. Other than the procedures for orienting the Observer, what training benefit -
does the FDC derive from the conduct of this type mission? - T

Please discuss.
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66.

67.

68.

69.

gggggg

Is live firing required to obtain this benefit?
Yes
No

How many live fire high burst (HB) and/or Mean Point of Impact (MP1) registration
must be conducted to attain a 90% proficiency for

missions for the FO
missions for the FDC
missions for the Howitzer sections

How many live fire HB and/or MPI registrations must be conducted annually to
maintain a 90% proficiency for

missions per year for the FO
missions per year for the FNC
missions per year for the Howitzer

In view of your response to questions 66 and 67, the Battery must fire the following
number of HR and/or MPI registrations to attain and maintain a 90% proficiency in
this type mission.

Ans missions to attain a 90% battery proficiency and missions per year to
maintain that proficiency.

Assume the battery and all sections are 90% proficient in conducting an "Adjust
Fire" mission. We are now interested in the conduct of an [llumination Mission and
the conduct of a coordinated mission using Illumination and High Explosive rounds.

In considering only the live firing aspects of Illumination missions

A. How many lllumination missions only, and "coordinated llluminatioh HE
missions” are required to attain a 90 per cent proficiency?

1. A Fort Sill Trained Observer requires missions of Illlumination only
and ___missions of coordinated illumination.

2. The FDC requires missions of lllumination only and missions . of
coordinated illumination

3. The howitzer sections require missions of Illumination only and
missions of coordinated illumination.

B. Given that the Observer, FDC and Howitzer Sections achieve a 90 per cent
proficiency in the conduct of Illumination only and Coordinated HE
Mumination, how many times %g year must these type missions be conducted
to maintain the 90 per cent proficiency?

1.  The Observer requires Illumination only missions per year and
coordinated illumination missions per year.
2, The FDC requires lllumination only missions per year and
coordinated illumination missions per year.
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71.

72.

3. The Howitzer Sections require illumination only missions per year
and ___ coordinated illumination missions per year.

In view of your response to questions 69 A & B, how many illumination only and
coordinated illumination/HE missions must the Battery fire to attain and maintain a
90% proficiency in these type missions?

Ans, The battery must fire Illumination missions to attain a 90% proficiency
and fire missions per year to maintain that proficiency.

Ans. The battery must fire Coordinted Illumination/HE missions to attain a 90%
protficiency and tire missions per year to maintain that proficiency.

Is there any practical way to "simulate" a coordinated Illumination/HE mission?

No ___
Yes ___ Please discuss.

Assume that the Battery and all sections are 90% proficient in conducting an "Adjust
Fire" mission. We are now interested in the conduct of a "Smoke" mission which
requires adjustment. In considering only the live firing aspects of Smoke missions,

A. How many Smoke missions are required to achieve a 90 per cent proficiency
for:

I. A Fort Sill Trained Observer requires smoke missions to attain 90%
proficiency.

2. The FDC requires smoke missions to attain 90% proficiency.

3. The Howitzer sections require smoke missions to attain 90%
proficiency.

B. Given that the Observer, FDC, and Howitzer Section attain a 90 per cent
proficiency,

. the Observer requires smoke missions per year to maintain 90%
proficiency.

2, the FDC requires smoke missions per year to maintain 90%
proficiency.

3. the Howitzer Sections require smoke missions per year to maintain
90% proficiency.

73. In view of your response to questin 72 A & R, how many smoke missions must the

Battery fire to attain and maintain a 90% proficiency in this type mission?
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74,

75,

76,

77.

78.

Ans. The battery must fire smoke missions to attain a 90% proficiency and
fire ___ smoke missions per year to maintain that proficiency.

Assume that the Battery and all sections are 90% proficient in conducting an "Adjust
Fire" type mission. We are now interested in the conduct of an ICM/FASCAM
mission which requires adjustment.

In considering only the live firing aspects of ICM/FASC AM,

A. How many ICM/FASCAM missions are required to attain a 90 per cent
proficiency for:

1.  aFort Sill trained observer requires ___ missions
2, the FDC requires missions
3.  the Howitzer sections require ___missions.

B. Given that the Observer, FDC and Howitzer Sections achieve a 90 per cent
proficiency in the conduct of ICM/FASCAM missions, how many times per year
must these type missions be conducted to maintain the 90 per cent
proficiency?

1.  the Observer requires missions per year
2. the FNC requires ___ missions per year
3.  the Howitzer Sections require ___ missions per year

In view of your response to question 74 A X B, how many ICM/FASCAM missions
must the Battery fire to attain and maintain a 90% proficiency in this type mission?

Ans. The battery must fire ICM/FASCAM missions to attain a 90% proficiency,
and fire ___ ICM/FASCAM missions per year to maintain that proficiency.

If an FO is fully qualified to conduct an "Adjust Fire" mission, what unique feature if
any is there in the adjustment phase of a Smoke or ICM/FASCAM mission since both
adjustments are conducted with an HE round. Please discuss.

In considering only the live firing aspects of Fire for Effect missions (no
adjustments), does the live firing serve only as a means of validation or does it serve
as a training vehicle?

validation only
training vehicle (please discuss in what manner it "trains" personnel.

It is possible to have an Observer, FNC and Howitzer sections each of which have a
very high proficiency level, yet on a battery level, the battery performs only
moderately well. To what source or sources would you attribute this situation?
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a. lack of adequate CPX to improve proficiency on a battery level
_ b. lack of, or an inadequate unit standard operating procedure (SOP)
o c. lack of personnel familiarity with a unit SOP
' d. all of the above
e.

none of the above
79. How important would you evaluate a battery SOP as a vehicle to improve the
proficiency of the battery through the coordination of the various elements of the
battery.

BRRE

u a. __ critically important

___of significant importance
C. ___ moderately important

___an aid but not a principal guidance document
e. of minor importance

80. What do you consider the most effective vehicle or approach to improve the
proficiency of the bhattery by coordination among proficient sections. Please
discuss.

81, Have the units with which you have served, used battery SOPs?

a. no

F b. __ yes, but the SOPs was marginally adequate
C. ___ Yyes, but the SOP was not used as a principal guidance document
d. ___ yes, and the SOP was fully adequate and was used as a principal guidance

document,

F 82. It has been observed that a great variety of MOS and non MOS subjects are
scheduled and taught to battery level personne!l over a 12 month period. However,
the unit SOP very rarely if ever appears as a subject on the training schedule. It

appears to be a topic with which personne! are expected to become familiar with on
their own. Do you find that this is generally the case?

a. ___ yes 4
b. __  no, the subject matter of the SOP is routinely scheduled and taught on
the battery level
c. ___ no, the subject matter of the SOP is routinely scheduled and taught only
on the section level, not on the battery level.
83. Have you ever taken a written test or evaluation of your battery SOP? - T
Yes o
No __ \

84. With respect to the planning aspects for live firing exercises, it is often remarked
that some units train to go to the field while other units merely train in the field. - -1
The implication is that the unit which prepares well for field training tends to ’
validate its proficiency by live firing, and conversely, the unit which makes

B-1-76




.
’
}
i

83.

inadequate preparations for field training, compensates for that inadequacy by usmg :
live fire training as a learning vehicle rather than a validation vehicle. Would you
agree with this statement? Select one answer.

Yes _ -
Yes,but __ (please discuss)

No __ (please discuss)
No,but  __ (please discuss)

With respect to live firing, Artillery battery proficiency is measured in terms of
accuracy and time criteria. Each section within the battery also has established
accuracy and time criteria for section proficiency. More so than any other weapon
system, the field artillery is procedurely oriented. There are precise procedures to
be followed by each section for each category and type of mission. In order of
complexity, the procedures appear to be most complex at the FDC. level, moderately
so at the Observer level and least complex at the Howitzer section level. This
appears to be so because the procedures at the FDC level are virtually unique to
each category and type mission, while at the Observer and Howitzer Section levels
there appears to be much overlap. For example an Observer who is competent in
locating a target and conducting an adjustment in an "Adjust Fire" mission is
generally competent. ta locate a target and conduct an adjustment in many other
types of missions requiring those functions. The same may be true for Howitzer
sections.

If this premise is accurate one could conclude the following:

A. . . .
= RANER A O R g T o Uy gl il o g A
coordinating with the Observer and Howitzer sections of the battery and/or by
use of the M 31 trainer. Live firing does little for the FNC other than to
validate its proficiency. .

B. An Observer is less procedurally oriented than the FDC and does require a
degree of live firing to obtain knowledge of such subjects as 1) the effects of
ammunition fuze combinations 2) implementation of adjustment procedures,
particularly judgments in sensings and corrections 3) real life problems which

cannot be adequately simulated. Many of the procedures and experiences .

learned by the Observer in a common type "Adjust Fire" mission are directly
transferable to other type missions. The M 31 trainer can provide a fair
degree of experience in the implementation of adjustment procedures.

C. The Howitzer Sections have the least degree of complexity in the area of
procedures. There are a limited number of possible methods of fire,
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projectile-fuzing—charge combinations and other considerations for each type
mission. This is not to imply that training Howitzer Sections is less
complicated than training other sections. It is only procedurally less
complex. Since current training devices do not go far in simulating the combat
environment for the Howitzer sections, there is a requirement for live firing.

At the battery level, there appears to be a requirement for some degree of live
firing to enable the battery commander to validate the proficiency of his unit.

Based upon the heavy orientation of Field Artillery toward procedures, it is
suggested that some degree of live firing is required to train some sections and
to validate proticiency. However, the degree of live firing required to
accomplish these objectives is substantially less than the quantity of
ammunition currently authorized.

Please consider the above statements and provide your observations, concurrence,
non concurrence, or position on this subject.

Comments on FDC

Comments on Observer

Comments on Howitzer Sections

Comments on Battery Level
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86. From the theoretical approach, one may debate what degree of proficiency is
attainable in Field Artillery with extensive training in procedures with a minimum of
live firing. It is recognized that personnel who are well motivated are more
susceptible to learning and to being proficient. How would you evaluate the value of
live firing on the morale or motivation of Artillery personne!?

A. __ live firing is critically important to maintaining high unit morale -

B. live firing is not critical but is an important factor in providing a
confidence leve] in the section and battery capability to perform.

C. live firing is only one of many factors influencing the unit morale or
motivation. It is not necessarily a primary factor. :

D. live firing is not a significant factor in the ability of the battery to
perform at a high degree of proficiency.

The following questions deal with two subjects: 1) the relative difficulty of learning how
to conduct a given type of mission and 2) the relative difficulty in coordinating a given
type of mission. For purposes of this comparison, let ys compare or relate the difficulty
of learning and coordinting missions to the difficulty of learning and coodinating an
"Adjust Fire" type mission.

87. Is the conduct of a registration (Precision, HB or MPI) more difficult to learn than
the conduct of an "Adjust Fire" mission? (Select 1)

No, it is easier

the degree of complexity is about the same

the registration is slightly more difficult

the registration is materially more difficult

the registration is one of the most difficult missions to conduct

88, Is the conduct of a registration more difficult to coordinate than the conduct of an
"Adjust Fire" mission (Select 1)

no, it is easier to coordinate

the degree of complexity is about the same

the registration is slightly more complex to coordinate
the registration is materially more complex to coordinate
the registration is one of the most difficult to coordinate

89, Is the conduct of an [llumination mission without HE, more difficuit to learn than
the conduct of an "Adjust Fire" mission?

no, it is easier
the degree of complexity is about the same
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90.

91.

92,

93.

9%,

95.

P S SO

the registration is slightly more complex to learn
the registration is materially more complex to learn
the registration is one of the most difficult to learn

Is the conduct of an Illumination mission without HE more difficult to coordinate

than an "Adjust Fire" mission? .

no, it is easier to coordinate

the degree of complexity is about the same

the illumination is slightly more complex to coordinate
the iHumination is materially more complex to coordinate
the illumination is one of the most difficult to coordinate

Is the conduct of a coordinated Illumination/HE mission more difficult to learn than
an "Adjust Fire" mission?

no, it is easier

the degree of complexity is about the same

the coordinated mission is slightly more complex to learn
the coordinated mission is materially more complex to learn
the coordinated mission is one of the most difficult to learn

Is the conduct of a coordinated Illumination/HE mision more difficult to coordinate

than an"Adjust Fire" mission?

no, it is easier to coordinate

the degree of complexity is about the same

the coordinated mission is slightly more complex to coordinate
the coordinated mission is materially more complex to coordinate
the coordinated mission is one of the most difficult to coordinate

Is the conduct of a Srnoke mission more difficult to learn than an "Adjust Fire"
mission?

no, it is easier to learn

the degree of complexity is about the same

the smoke mission is slightly more complex to learn
the smoke mission is materially more complex to learn
the smoke mission is one of the most difficult to learn

Is the conduct of the Smoke mission more difficult to coordinate than an "Adjust
Fire" mission?

no, it is easier to coordinate

the degree of complexity is about the same

the smoke mission is slightly more complex to coordinate
the smoke mission is materially more complex to coordinate
the smoke mission is one of the most difficult to coordinate

Is the conduct of the ICM/FASCAM mission more difficult to learn than the "Adjust
Fire" mission?

no, it is easier to learn
the degree of complexity is about the same
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the ICM/FASCAM is slightly more complex to learn
the ICM/FASCAM is materially more complex to learn
the ICM/FASCAM is one of the most difficult to learn

96. Is the conduct of the ICM/FASCAM mission more difficult to coordinate than the
" Adjust Fire" mission?

no, it is easier to coordinate

the degree of complexity is about the same

the ICM/FASCAM is slightly more complex to coordinate
the ICM/FASCAM is materially more complex to coordinate
the ICM/FASCAM is one of the most difficuit to coordinate
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